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PKEFACE 

TO  THE  FIRST  EDITION. 

THE  following  pages  were  drawn  up  for  the  use  of  the 
junior  officers  of  the  Royal  Engineers,  and  those  of  the 
Honourable  East  India  Company's  Service,  in  their  course 
of  instruction  in  Trigonometrical  Surveying  and  Practical 
Astronomy  at  this  establishment,  of  which  branch  of  their 
studies  I  have  for  some  time  had  the  superintendence. 

My  original  intention  was  to  have  had  them  lithographed 
for  distribution  among  the  officers  ;  but  I  have  been  since 
led  to  the  resolution  of  publishing  them  in  their  present 
form,  from  their  having  swelled  to  a  size  beyond  what  I  at 
first  contemplated ;  and  also  from  the  total  want  experi- 
enced, during  the  period  occupied  in  compiling  them,  of  any 
practical  English  work  on  Geodesical  Operations,  extending 
beyond  the  mere  elementary  steps  of  Land  Surveying.  Of 
this  class  there  are  several  very  useful  publications,  contain- 
ing instruction  in  all  the  necessary  detail,  to  some  of  which 
references  are  made  for  information  respecting  the  prelimi- 
nary knowledge  of  the  construction  and  use  of  the  instru- 
ments most  generally  employed,  as  well  as  to  the  French 
authors  on  Geodesy,  whose  works  I  have  consulted. 


iv  PREFACE. 

Of  the  extensive  and  scientific  Geodesical  Operations  de- 
scribed in  these  latter  works,  the  present  Treatise  professes 
to  give  nothing  beyond  a  brief  outline,  as  their  detailed 
account  would  be  far  too  voluminous  to  be  condensed  in  so 
small  a  compass. 

The  cadets  at  Woolwich  and  Addiscombe  are  taught 
the  use  of  the  Chain  and  Theodolite,  and  to  calculate  the 
contents  of  the  different  portions  into  which  the  ground  is 
divided  by  natural  and  artificial  boundaries  ;  they  are  also 
rendered  conversant  with  Plane  Trigonometry  and  Mensu- 
ration, and  with  sufficient  Spherical  Trigonometry  for  the 
solution  of  the  ordinary  cases  of  Spherical  Triangles.  Such 
preliminary  knowledge  is  consequently  assumed  as  being 
already  acquired.  It  is,  however,  in  the  power  of  any  indi- 
vidual to  make  himself  master  of  the  necessary  theoretical 
part  of  this  knowledge,  by  the  study  of  one  or  other  of  the 
numerous  excellent  works  on  Trigonometry  and  Mensura- 
tion ;  and  the  practice  of  Land  Surveying  can  be  acquired 
in  a  few  weeks  in  the  Field,  under  any  competent  Instructor, 
or  even  without  this  assistance,  by  the  careful  study  of  some 
elementary  work  on  the  subject. 


EOYAL  ENGINEER  ESTABLISHMENT,  CHATHAM, 
1839. 


PKEFACE 

TO   THE  FOURTH  EDITION. 

A  FOURTH  edition  of  this  work  having  been  suggested 
(the  former  one  being  out  of  print),  Captain  Charles  Warren, 
R.E.,  has  kindly  undertaken  to  revise  it;  and  to  make  such 
additions  as  appear  necessary  to  bring  every  portion  of  the 
contents  up  to  the  present  date. 

ED.  FROME. 

GUERNSEY,   1873. 
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CHAPTER  I. 

GENERAL  OUTLINE  OF   THE   SYSTEM 'OF   CARRYING  ON  A 
TRIGONOMETRICAL   SURVEY. 

THE  basis  of  an  accurate  survey  undertaken  for  any  extensive 
geodesical  operation  such  as  the  measurement  of  an  arc  of  the 
meridian  or  of  a  parallel,  or  for  the  formation  of  a  geographical  or 
territorial  map  showing  the  positions  of  towns,  villages,  &c.,  and 
the  boundaries  of  provinces  and  counties,  or  a  topographical  plan 
for  military  or  statistical  purposes,  must  necessarily  be  an  extended 
system  of  Triangulation,  the  preliminary  step  in  which  is  the 
careful  measurement  of  a  base  line  on  some  level  plain  : — at 
each  extremity  of  this  base,  the  angles  are  observed  between 
several  surrounding  objects  previously  fixed  upon  as  trigono- 
metrical stations,  and  also,  when  practicable,  those  subtended  at 
each  of  these  points  by  the  base  itself.  The  distances  of  these 
//  stations  from  the  ends  of  the  base  line  and  from  each  other  are 
then  calculated  and  laid  down  upon  paper,  forming  so  many  fresh 
bases  from  whence  other  trigonometrical  points  are  determined, 
until  the  entire  tract  of  country  to  be  surveyed  is  covered  over 
with  a  network  of  triangles  of  as  large  a  size  as  is  proportioned 
to  the  contemplated  extent  of  the  survey,  and  the  quality  and 
power  of  the  instruments  employed.  Within  this  principal  tri- 
angulation  secondary  triangles  are  formed  and  laid  down  in  like 
manner  by  calculation,  and  if  necessary  a  series  of  minor  tertiary 
triangles  between  them,  and  the  interior  detail  is  filled  up  between 
these  points,  either  entirely  by  measurement  with  the  chain  and 
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theodolite,  or  by  partial  measurement  (principally  of  the  roads), 
and  by  sketching  the  remainder  with  the  assistance  of  some  port- 
able instrument.  The  degree  of  accuracy  and  minuteness  to  be 
observed  in  this  detail,  and  the  scale  upon  which  the  work  is  to  be 
laid  down,  will  of  course  determine  which  of  these  methods  is  to 
be  adopted — the  latter  was  practised  on  the  Ordnance  Survey  of 
the  South  of  England,  which  was  plotted  on  the  scale  of  2  inches 
to  1  mile,  and  reduced  for  publication  to  that  of  1  inch ;  but  on 
the  Survey  of  Ireland,  and  that  of  Scotland  and  the  six  Northern 
Counties  of  England,  sketching  has  been  almost  entirely  super- 
seded by  chain  measurement,  even  in  the  most  minute  particulars, 
and  the  undulations  of  the  surface  of  the  ground  represented  with 
mathematical  accuracy  ,by  horizontal  contour  lines,  traced  by 
actual  levelling  at  equidistant  vertical  intervals,*  the  whole 
survey  being  laid  down  to  the  scale  of  6  inches  to  1  mile.  In  the 
survey  of  only  a  limited  extent  of  country  there  does  not  exist  the 
same  absolute  necessity  for  an  instrumental  triangulation-J-  even 
though  a  considerable  degree  of  accuracy  should  be  required  ;  this 
will  appear  evident  from  the  consideration  that  in  every  practical 
operation  some  amount  of  error  (independent  of  the  errors  of 
observation)  is  to  be  expected — sometimes  a  definite  quantity 
dependent  upon  the  means  employed ;  sometimes  a  quantity 
varying  in  amount  with  the  extent  of  the  operation. 

In  all  angular  measurements,  the  errors  to  be  expected  evi- 
dently depend  upon  the  power  and  quality  of  the  instruments 
made  use  of,  and  are  altogether  irrespective  of  the  space  over 
which  the  work  extends.  In  linear  measurements,  on  the  con- 
trary, the  probable  error  is  some  proportional  part  (dependent 
upon  the  circumstances  and  the  means  employed)  of  the  distances 
measured.  So  long,  then,  as  the  extent  of  the  survey,  and  the 
scale  upon  which  it  is  to  be  laid  down,  are  such  that  the  probable 
error  attendant  upon  ordinary  chain  measurement  of  the  largest 
figures  would  be  imperceptible  on  the  plan,  no  triangulation  is 

*  Sketching,  in  place  of  tracing  contour  lines,  has  been  again  lately  resorted  to  on 
the  Ordnance  Survey  for  the  features  of  the  ground,  on  account  of  the  greater  cost 
of  the  latter  more  accurate  system. 

t  It  is,  however,  imperative,  even  in  a  limited  or  land  survey,  that  the  chained 
lines  should  themselves  form  a  triangulation,  or  be  so  arranged  that  they  may  secure 
a  complete  check  against  any  large  error  creeping  in. 
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necessary  on  the  score  of  accuracy  alone,  though  in  many  cases 
even  of  this  nature  it  would  be  found  in  the  end  a  saving  of  both 
time  and  expense. 

In  a  new  and  unsettled  country,  particularly  if  flat  and  thickly 
wooded,  the  outlay  that  would  be  required,  and  the  time  that 
would  be  occupied  by  an  accurate  triangulation,  would  probably 
prevent  its  being  attempted,  at  all  eveots  in  the  first  instance.  If 
only  a  general  map  upon  a  very  small  scale  is  required,  the  lati- 
tude and  longitude  of  a  number  of  the  most  conspicuous  stations 
can  be  determined  by  astronomical  observations,  and  the  distances 
between  them  calculated,  to  allow  of  their  positions  being  laid 
down  as  correctly  as  this  method  will  admit  of,  within  which,  as 
within  a  triangulation,  the  interior  detail  can  be  filled  up.  In 
'surveying  an  extended  line  of  coast  where  the  interior  is  not 
triangulated,  no  other  method  presents  itself,  and  a  knowledge  of 
practical  astronomy  therefore  becomes  indispensable  in  this,  as 
in  all  extensive  geodesical  operations.  A  topographical  survey 
further  requires  that  some  of  the  party  employed  upon  it  should 
be  practically  versed  in  the  general  outlines  of  geology,  as  a 
correct  description  of  the  soil  and  mineral  resources  of  the  diffe- 
rent parts  of  every  country  forms  one  of  its  most  important 
features.  The  heights  of  the  principal  hills,  and  of  marked  points 
along  the  ridges,  plains,  valleys,  and  watercourses  above  the  level 
of  the  sea,  should  also  be  determined,  which  in  a  survey  of  no 
great  pretensions  to  correctness  in  minute  detail,  may  be  ascer^ 
tained  with  tolerable  accuracy  by  means  of  the  mountain  baro- 
meter, or  aneroid,  or  even  approximately  by  observing  the 
temperature  at  which  water  boils  at  different  stations. 

A  sketch  of  a  certain  tract  of  country,  on  a  far  larger  scale  than 
that  of  most  general  maps,  is  constantly  required  on  service  for 
the  purpose  of  showing  the  military  features  of  the  ground,  the 
relative  positions  of  towns  and  villages,  and  the  direction  and 
nature  of  the  roads  and  rivers  comprised  within  its  limits.  This 
species  of  sketch,  termed  a  "  Military  Reconnaissance,"  approaches 
in  accuracy  to  a  regular  survey  in  proportion  to  the  time  and 
labour  that  is  bestowed  upon  it.  Having  thus  adverted  briefly  to 
the  progressive  steps  in  the  different  species  of  surveying,  they 
will  each  be  treated  of  more  in  detail  in  their  proper  order. 
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The  system  of  forming  the  "  network  of  triangles  "  alluded  to, 
of  as  large  a  size  as  is  consistent  with  the  circumstances  under 
which  the  survey  is  undertaken,  within  and  dependent  upon  which 
the  secondary  and  tertiary  triangulation  and  all  the  interior  details 
are  included,  is  to  be  considered  as  the  working  out  of  a  general 
principle  to  be  borne  in  mind  in  all  topographical  and  geodesical 
operations,  the  spirit  of  which  is  as  much  as  possible  to  work  from 
whole  to  part}  and  not  from  part  to  whole. 

By  the  former  method  errors  are  subdivided,  and  time  and 
labour  economised ;  by  the  latter,  the  errors  inseparable  from 
even  the  most  careful  observations  are  constantly  accumulating, 
and  the  work  drags  on  at  a  slower  rate  and  an  increasing  ex- 
penditure. 

If  the  country  to  be  surveyed  is  comparatively  unknown,  or  has 
no  rough  maps,  it  is  necessary  to  make  a  preliminary  recon- 
naissance to  ascertain  the  most  advantageous  positions  for  the 
stations  of  the  principal  triangles,  to  determine  on  the  base  line, 
and  other  matters. 


CHAPTER  II. 

MEASUREMENT  OF  A  BASE   LIKE. 

THE  exact  measurement  of  a  base  line  is  perhaps  the  most  diffi- 
cult and  important  part  of  the  operations  in  connection  with  the 
carrying  out  of  a  trigonometrical  survey ;  upon  its  accuracy  depends 
that  of  every  subsequent  proceeding. 

Although  it  is  not  necessary  that  the  measurement  of  a  base 
line  should  precede  the  angular  observations,  it  is  desirable  that  it 
should  be  undertaken  as  early  as  practicable,  in  order  that  in  the 
minor  triangles  the  lengths  of  sides  may  be  calculated  in  time  to 
act  as  checks  upon  the  measured  distances. 

A  BASE  OF  VERIFICATION  is  necessary  to  render  a  survey  com- 
plete and  safe  i.e.,  a  second  base  measured  on  a  side  of  a  triangle 
at  some  remote  portion  of  the  survey  which  may  check  the 
accuracy  both  of  the  original  base  and  of  the  calculation  of  the 
triangles  :  this  is  the  severest  test  to  which  a  geodetic  operation 
can  be  subjected,  and  is  absolutely  indispensable. 

THE  LENGTH  OF  A  BASE  must  depend  in  a  great  measure  upon 
the  nature  of  the  ground  selected,  the  facilities  afforded  for 
accurate  measurement,  and  the  time  available. 

It  is  obvious  that  a  short  base  measured  with  extreme  accuracy 
prolonged  and  verified  by  triangulation,  is  of  far  greater  value 
than  a  long  base  hurriedly  measured  over  rough  ground. 

The  six  bases  in  the  United  Kingdom  vary  from  five  to  seven 
miles  in  length  ;  the  survey  from  north  to  south  extending  over 
upwards  of  750  miles  in  length. 

At  the  Cape  a  base  of  eight  miles  was  -  measured  by  the 
Astronomer  Royal  when  conducting  a  geodetic  survey  for  the 
measurement  of  an  arc  of  the  meridian  ;  the  survey  extending 
north  and  south  about  320  miles,  and  east  and  west  600  miles. 
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The  base  of  verification  measured  by  Capt.  Bailey,  RE.,  was  five 
and  a  half  miles  in  length. 

Lieut.  Symonds,  R.E.,  in  1842,  when  commencing  the  survey 
of  Syria,  measured  two  bases  of  about  two  miles  each ;  the  extent 
of  the  survey  from  north  to  south  being  about  200  miles. 

No  hard  and  fast  line  can  be  drawn  for  the  length  of  a  base  in 
the  survey  of  detached  portions  of  ground  of  limited  extent,  as 
so  much  depends  upon  the  circumstances  under  which  the  surveys 
are  made :  they  are  often  from  one  to  three  thousand  feet  in 
length. 

THE  DEGEEE  OF  AccuEACY  required  in  a  base  line  is  deter- 
mined by  the  ratio  its  length  bears  to  the  extent  of  the  survey, 
and  by  the  least  amount  of  error  which  is  acceptable  in  the  extent 
of  that  survey. 

THE  UNITS  OF  MEASUREMENT,  when  extreme  accuracy  has 
been  required,  have  consisted  of  steel  chains,  glass,  deal  and  pla- 
tinum rods,  or  compound  bars,  used  in  various  manners.  Deal 
rods  were  used  in  the  first  accurate  measurement  of  Hounslow 
Heath,  in  1784,  by  General  Roy, — sometimes  laid  horizontally  and 
sometimes  following  the  general  slope  of  the  ground,  the  incli- 
nation of  each  rod  being  measured  and  allowance  made  in  the 
calculation  of  the  length  of  base.  It  was  supposed  that  the 
length  of  these  deal  rods  was  affected  by  moisture,  and  glass  rods 
were  substituted.  Eventually  a  steel  chain  100  feet  in  length 
(called  Ramsden's  steel  chain),  was  taken  into  use,  until  it  was 
superseded  in  1827  by  the  compound  or  compensation  bars 
(described  below),  invented  by  General  Colby,  by  which  the  errors 
in  connection  with  the  ascertaining  the  actual  temperature  of 
steel  chains  and  glass  rods  at  the  time  of  measuring  was  avoided. 

The  Lough  Foyle  and  Salisbury  Plain  bases  were  measured  by 
means  of  these  compensation  bars,  and  the  chief  reliance  in  the 
computation  of  the  triangulation  was  placed  upon  the  results, 
the  difference  between  the  measured  length  of  the  one  base  and  its 
length  as  computed  from  the  other  being  about  five  inches. 

The  Hounslow  IJeath,  Belhelvie,  and  Misterton  Car  bases  were 
measured  with  Ramsden's  steel  chain,  and  the  difference  between 
the  measured  and  computed  lengths  of  these  three  bases  is  not 
greater  than  the  difference  between  the  measured  and  computed 
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lengths  of  the  Lough  Foyle  and  Salisbury  Plain  bases,  measured 
with  the  compensation  bars,  from  which  Sir  H.  James  considers  it 
may  be  inferred  that  bases  measured  with  steel  chains  are  deserv- 
ing of  the  greatest  confidence.  Their  simplicity,  portability,  and 
cheapness,  as  compared  with  the  heavy  and  expensive  apparatus  of 
the  compensation  bars,  render  them  desirable  in  countries  where 
economy  in  the  transport  of  heavy  articles  is  an  object. 

In  confirmation  of  this,  the  result  of  Capt.  Bailey's  measurement 
of  the  base  of  verification  at  the  Cape  may  be  cited.  He  was 
unable  to  obtain  Ramsden's  steel  chain,  and  used  the  100ft. 
steel  standard  of  the  colonial  observatory  (formed  of  40  links  of 
^-inch  round  steel  rods).  The  measurement  and  reductions  being 
completed,  the  length  of  the  base  line  was  found  to  differ  thirteen 
inches  from  the  length  computed  by  the  geodetic  calculation  in 
the  triangles  carried  through  from  the  original  base  (measured  by 
compensation  bars). 

THE  DESCRIPTION  OF  THE  MEASUREMENTS  of  a  base  line  is 
given  in  detail  in  the  Government  account  of  the  Ordnance 
Survey.  There  is  not  space  here  for  more  than  a  few  words. 

In  measuring  a  base  for  the  topographical  survey  of  any  small 
detached  portion  of  ground,  it  will  be  sufficient  for  ordinary  pur- 
poses to  measure  its  length  carefully  two  or  three  times  backwards 
and  forwards  with  a  chain  which  has  been  compared  with  a 
standard,*  and  if  rendered  necessary  by  the  irregularity  of  the 
ground,  to  take  an  accurate  section  along  the  line  (which  should 
be  laid  out  with  a  theodolite  between  marks  at  each  extremity), 
for  the  purpose  of  reducing  this  measurement  by  calculation  to  its 
true  horizontal  value.  The  length  of  a  base,  which  has  subse- 
quently to  be  determined  with  the  most  minute  accuracy  by 
means  of  glass  rods,  compensation  bars,  or  other  contrivance,  is 
generally  first  measured  two  or  three  times  in  this  manner. 

Capt.  Bailey,  in  using  the  standard  steel  chain  at  the  Cape  on 
his  base  of  verification,  followed  generally  the  method  adopted  by 

*  A  spiral  spring,  something  like  that  used  in  weighing-machines,  is  attached  to 
the  end  of  a  chain  used  for  purposes  requiring  much  accuracy ;  this  indicates  the 
power  of  tension  exerted,  which  should  always  be  the  same  as  when  compared  with 
the  standard.  The  surveyors  under  the  Tithe  Commission  Act  are  furnished  with 
this  contrivance. 
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General  Mudge  in  the  measurement  of  base  Hounslow  Heath 
with  Kamsden's  chain.  The  line  was  measured  in  hypotheneuses 
of  variable  length,  according  to  the  surface  of  the  ground,  and 
was  also  divided  into  three  sections  for  mutual  comparison  by 
triangulation.  The  chain  (three  thermometers  lying  alongside) 
was  supported  in  five  open  coffers,  resting  on  tripod  trestles, 
brought  to  coincide  with  the  line  of  inclination  of  the  boning 
vanes.  The  front  end  of  the  chain  was  dragged  forward  at  a 
uniform  tension  by  means  of  a  weight  of  48  Ibs.,  attached  to  the 
front  handle  of  the  chain,  and  running  over  a  pulley.  When  the 
measurements  were  completed,  the  chain  was  sent  down  to  the 
Royal  Observatory  to  be  compared  with  the  Cape  standard  bar ; 
the  length  of  the  base  line  was  then  computed,  the  hypotheneuses 
being  reduced  to  horizontal  distances,  by  dividing  the  square  of 
the  difference  of  height  by  twice  the  length  to  find  the  correction. 
The  base  was  then  reduced  to  sea  level.  The  mean  reading 
of  the  thermometers  were  taken,  allowing  an  expansion  or  con- 
traction of  0*00763  inches  to  the  100  feet  for  each  degree  of 
Fahrenheit. 

Loch   Foyle  Base. 

A  detailed  account  was  in  1847*  drawn  up  by  Colonel  Yolland, 
E.E.,  of  the  mode  adopted  by  General  Colby  to  obtain  the 
accurate  value  of  the  base  measured  on  the  Ordnance  Survey  of 
Ireland  at  Loch  Foyle,  in  the  County  of  Londonderry,  in  which 
work  will  also  be  found  a  quantity  of  scientific  information  con- 
nected with  the  principal  triangulation.  The  principles  of  the 
contrivance,  in  which  it  differs  from  all  other  methods  that  have 
preceded  it,  consist  in  always  preserving  by  a  mechanical  com- 
pensation obtained  by  the  use  of  two  metals  having  different 
powers  of  expansion  and  contraction,  exactly  the  same  distance 
between  two  points  at  the  extremities  of  the  compensation  bars, 
instead  of  allowing,  as  had  been  hitherto  done,  for  this  expansion 
or  contraction  according  to  the  temperature  at  which  each  rod 
was  laid,  and  also  in  obtaining  a  visual  instead  of  an  actual 

*  Many  years  after  the  first  edition  of  this  work,  the  short  popular  description  of 
the  process  of  using  the  bars  is,  however,  retained.  Colonel  Yolland  has  likewise 
given  a  description  of  these  bars,  with  the  method  of  using  them,  in  the  third 
volume  of  the  Woolwich  Mathematical  Course,  under  the  head  of  "  Geodesy.'* 
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contact  of  the  rods.  This  will  be  explained  by  the  following 
short  description  of  the  compensation  bars  and  the  method  of 
using  them. 

Two  bars,  one  of  iron  and  the  other  of  brass,  10  feet  long, 
placed  parallel  to  each  other  1J  inches  apart,  were  riveted  together 
at  their  centres,  it  having  been  previously  ascertained  by  numerous 
experiments,  that  they  expanded  and  contracted  in  their  tran- 
sitions from  cold  to  heat,  and  the  reverse,  in  the  proportion  of 
three  to  five.  The  latter  was  coated  with  some  non-conducting 
substance  to  equalise  the  susceptibility  of  the  two  metals  to 
change  of  temperature,  and  across  each  extremity  of  these  com- 
bined bars  was  fixed  a  tongue  of  iron,  with  a  minute  dot  of 
platinum  almost  invisible  to  the  naked  eye,  and  so  situated  on 
this  tongue,  that  under  every  degree  of  expansion  or  contraction 
of  the  rods  the  dots  at  each  end  always  remained  at  the  constant 
distance  of  10  feet.  This  will  be  better  understood  by  reference 
to  the  sketch  below. 


A  is  the  iron  bar  (about  five-eighths  of  an  inch  wide  and  one 
and  a  half  deep  (the  expansion  of  which  is  represented  by  three  ; 
B  the  brass  bar  (of  the  same  size),  the  expansion  of  which  is  five, 
the  two  being  riveted  together  at  the  centre  C ;  D  E  and  d  e  are 
the  iron  tongues  pinned  on  to  the  bars  so  as  to  admit  of  their 
expansion,  with  the  platinum  dots  at  D  and  d.  The  tongues  are  by 
construction  made  perpendicular  to  the  rods  at  a  mean  tempe- 
rature of  60°  Fahrenheit,  and  the  expansion  taking  place  from 
their  common  centre,  when  A  expands  any  quantity  which  may  be 
expressed  by  three,  B  expands  at  the  same  time  a  quantity  equal 
to  Jive,  and  the  position  of  the  tongues  is  changed  to  D  F,  d  /,  the 
dots  D  and  d  remaining  unalterably  fixed  at  the  exact  distance  of 
ten  feet.  It  is  evident  from  this  construction,  that  the  dots  at  the 
extremities  of  these  bars  could  not,  if  desired,  be  brought  either 
into  actual  contact  or  coincidence  ;  but  a  more  correct  plan  was 
adopted,  which  consisted  in  laying  each  rod  so  that  the  dot  at  its 
extremity  should  always  be  at  a  fixed  distance  from  that  at  the 
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end  of  the  next  rod.  This  was  effected  by  means  of  powerful 
microscopes,  attached  to  the  end  of  similar  short  compound  bars,* 
6  inches  long,  and  mounted  on  a  stand,  by  which  means  they 
could  be  laid  perfectly  horizontal  by  a  spirit  level,  the  microscopes 
in  these  bars  occupying  the  position  of  the  dots  on  the  longer 
rods.  These  dots,  after  the  rods  had  all  been  carefully  levelled, 
were  brought  exactly  under  the  microscope  by  means  of  three 
micrometer  screws  attached  to  the  box  in  which  each  rod  was  laid, 
so  that  it  could  be  moved  to  either  side,  backwards  or  forwards, 
elevated  or  depressed,  as  required,  the  rods  being  laid  on  supports 
equidistant  from  the  centre  of  the  box,  that  they  might  always 
have  the  same  bearing.  The  point  of  starting  was  a  stone  pillar, 
with  a  platinum  dot  let  into  its  centre,  and  a  transit  instrument  was 
placed  over  it  by  which  the  line  was  laid  out  with  the  greatest 
precision  with  the  assistance  of  sights  at  each  end  of  the  bars,  an 
average  of  about  250  feet  being  completed  in  one  day,  and  five 
boxes,  giving  a  length  of  52  feet,  being  levelled  and  laid 
together. 

About  400  feet  of  this  measured  base  was  across  the  river  Hoe, 
and  clumps  of  pickets  were  driven  at  intervals  of  about  5  feet 
3  inches  apart  from  centre  to  centre  by  a  small  pile  engine,  on  the 
heads  of  which  the  boxes  containing  the  compound  rods  rested. 
At  the  end  of  each  day's  work  a  triangular  stone  was  sunk  at  the 
end  of  the  last  bar  laid  with  a  cast-iron  block  fitting  over  it, 
having  a  brass  plate  with  a  silver  disk  let  into  the  middle  of  the 
brass,  which  was  adjustable  by  means  of  screws.  This  disk  was 
brought  exactly  under  the  focus  of  the  extreme  microscope,  and 
served  as  a  starting  point  the  following  day,  a  sentinel  being 
always  left  in  charge  of  this  stone  which  was  further  secured  by  a 
wooden  cover  screwed  over  it. 

The  total  length  of  the  measurement  of  this  base  amounted  to 
about  8  miles ;  2  miles  were  subsequently  added  by  a  -method 

*  This  was  the  usual  distance  between  the  foci  of  the  microscopes  ;  but  to  meet 
cases  where  the  uneven  surface  rendered  it  difficult  to  bring  the  short  bars  to  a  level 
at  this  distance,  it  was  sometimes  diminished  to  one-half.  Microscopes  of  different 
lengths  were  used  where  the  inclination  of  the  ground  rendered  it  necessary  to  lay  the 
boxes  on  different  levels,  so  that  the  platina  dots  might  be  brought  in  the  focus  to 
each  microscope.  The  old  base  of  verification  on  Salisbury  Plain  was  afterwards 
remeasured  with  these  compensation  bars. 


MEASUREMENT   OF   A   BASE   LINE.  11 

described  in  page  13,  making  the  entire  distance  between  the  two 
extremities  rather  more  than  10  miles. 

Detailed  descriptions  of  the  various  methods  that  have  been  at 
different  times  adopted  to  insure  the  correct  measurement  of  base 
lines  on  the  Continent,  may  be  found  in  all  standard  works  on 
geodesical  operations.*  A  popular  account  of  the  mode  of 
conducting  these  measurements,  and  of  the  nature  of  the 
rods,  &c.,  used,  is  also  given  in  Mr.  Airy's  "Figure  of  the 
Earth,"  in  the  "Encyclopaedia  Metropolitana,"  commencing  at 
page  206. 

REDUCTION  TO  THE  LEVEL  OF  THE  SEA. — A  base  measured  on 
any  elevated  plain  is  thus  reduced  to  its  proper  measure  at  the 
level  of  the  sea : 
Call  A  B,  the  base  measured  at  any  elevation  ) 

A  a  above  the  level  of  the  sea    .         .         . ) 

a  b  its  value  at  this  level   ....     6 

C  b  the  radius  of  the  earth          .         .         .    E, 

And  the  altitude  above  the  sea  A  a  .          .    h, 

as  ascertained  by  levelling,  or  by  the  baro- 
meter. 
ThenR  +  A:  R::B  :  b.  &  b  =  |iJ? 

Ja  +  fl 

And  B  —  b  the   difference  of  the  measured  and 
reduced  base  =  B  -  ?i5  =  |iA- 

Iv  +  II         K  +  II 

*  "  Recueil  des  Observations  Geodesiques,  par  Biot  et  Arago" — "  Puissant,  Traitd 
de  Geodesic" — "Base  du  Systeme  Me"trique  decimal;"  and  the  works  of  Cassini, 
Francceur,  Colonel  Lampton,  &c. 

The  bases  of  the  original  are  of  Mechain  and  Delambre,  described  in  the  "  Base  du 
Systeme  Metrique,"  were  measured  with  rods  of  platinum  two  toises  long;  to  each 
bar  was  attached  at  one  end  a  rod  of  brass.  The  proportion  of  the  expansion  of  brass 
and  platinum  being  known,  the  expansion  of  the  platinum  rod  was  inferred  from  the 
observed  difference  of  expansion  of  the  two  rods.  The  rods  were  laid  in  boxes,  and 
placed  on  trestles ;  and  their  ends  not  brought  into  contact,  but  measured  with  a 
slider.  The  temperature  was  reduced  to  thirteen  degrees  of  Reaumur.  The  length  of 
the  base  of  Perpignan  was  6006  -28  toises  ;  and  that  of  Melun  6075 '9  toises.  The 
calculation  of  Perpignan  base  of  verification  from  that  of  Melun  differed  only  eleven 
inches  from  its  actual  measurement  on  the  ground. 

These  platinum  bars  are  described  in  page  203,  vol.  i.  Puissant's  "Geodesic." 
Few  bases  have  ever  been  measured  solely  for  the  determination  of  the  value  of  an 
arc  of  the  meridian,  or  of  a  parallel,  but  have  formed  at  the  same  time  the  foundations 
of  the  survey  of  a  country. 
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The  radius  of  the  earth  may  be  considered  =  21008000  feet ; 
if,  then,  the  log.  of  the  base  in  feet  be  added  to  the  log.  of  the 
altitude,  and  the  log.  of  the  sum  of  the  radius  and  altitude  be 
subtracted  therefrom,  the  remainder  will  be  the  log.  of  a  number 
to  be  deducted  from  the  measured  base  to  reduce  it  to  its  value  at 
the  level  of  the  sea.  This  correction,  though  generally  trifling,  is 
not  to  be  neglected  when  the  base  is  measured  upon  ground  of 
any  considerable  elevation. 

Mr.  Airy,  in  page  198  of  the  "  Figure  of  the  Earth/'  in  the 
"  Encyclopaedia  Metropolitana,"  gives  this  formula  : — "  If  r  be  the 
earth's  radius,  or  the  radius  of  the  surface  of  the  sea  (which  is  known 

nearly  enough),  and  h  the  eleva- 
tion, the  measured  lengths  must 
be  multiplied  by  the  fraction  -^- 

or  1-,  or  they  must  be  diminished 

by  the  part  -  of  the  whole.  If  the 
surface  slopes  uniformly,  the  mean 
height  may  be  taken ;  if  it  is  very 
irregular,  it  may  be  divided  into 
several  parts." 

The  reduced  length  a  b  of  the 
base  A  B  is  thus  found,  and  if  the 
length  of  the  chord*  is  required, 

A    R 

it  is  found  by  subtracting  —v 

THE  SELECTION  OF  A  SITE  for  the  base  is  a  matter  for  considera- 
tion. A  perfect  level,  in  an  advantageous  situation,  is  not  in 
most  cases  attainable,  and  is  not  an  absolute  necessity. 

A  nearly  level  plain,  without  undulations,  should  be  selected 
where  both  ends  of  the  base  would  be  visible  from  the  nearest 
trigonometrical  points. 

In  the  Salisbury  Plain  base  line  there  is  a  difference  of  level  of 
428  feet  between  its  extreme  points. 

PROLONGATION  OF  A  BASE  LINE  BY  TRIANGULATION. — Beside 
the  marks  at  the  extremities  of  a  base  line — which  if  the  base  is 


*  In  ordinary  surveying  the  surface  of  the  earth  may  be  considered  a  plane,  a 
degree  of  69|  English  miles  not  exceeding  its  chord  by  more  than  25  feet. 
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to  form  the  groundwork  of  a  survey  of  considerable  extent,  should 
be  constructed  so  as  to  be  permanent,  as  well  as  minute — inter- 
mediate points  should  be  carefully  determined  and  marked  during 
the  progress  of  the  measurement,  by  driving  strong  pickets,  or 
sinking  stones,  into  the  ground,  with  dots  upon  a  plate  of  metal, 
or  some  other  indication  of  the  exact  termination  of  the  chain 
clearly  defined  upon  them.  These  marks  serve  for  testing  the 
accuracy  of  the  different  portions,  and  reciprocally  comparing  them 
with  each  other.  It  has  been  already  remarked,  that  the  length  of 
the  base  on  the  Ordnance  Survey  of  Ireland  was  not  obtained  en- 
tirely by  measurement,  an  addition  of  two  miles  having  been  made 
to  its  measured  length  by  calculation.  This  calculation  was  also 
contrived  to  answer  the  purpose  of  verifying  the  measurement  of 
intermediate  portions  of  the  base  between  marks  left  for  the 
purpose,  as  previously  alluded  to,  and  explained  by  reference  to 
the  figure  on  next  page,  in  which  A  B  represents  the  portion  of 
the  base  actually  measured,  and  B  C  that  to  be  added  by  calcula- 
tion for  the  purpose  of  extending  the  base  to  C,  to  obtain .  a  more 
eligible  termination. 

The  points  E  and  D  have  been  marked  during  the  measure- 
ment, and  are  thus  made  use  of : — 

The  stations  F  and  G  are  selected  so  that  the  angles  at  E  may 
be  nearly  right  angles,  and  the  points  themselves  nearly  equi- 
distant from  the  line,  and  about  equal  to  A  E.  Similar  conditions 
determine  the  positions  of  H,  I,  K,  and  L.  At  A  the  whole  of 
the  objects  visible  are  most  accurately  observed  with  a  large 
theodolite,  which  is  then  taken  to  the  other  points  on  the  line,  as 
well  as  those  selected  on  either  side  of  it,  where  all  the  angles  are 
measured.  From  A  E  and  the  three  observed  angles,  G  E  and 
E  F  are  determined,  from  each  of  which  in  the  triangles  G  E  D  and 
D  E  F  the  side  E  D  is  obtained,  the  distances  thus  found  forming 
two  checks  on  its  measured  length  ;  I  D  and  D  H  are  in  like 
manner  calculated  from  A  D  and  also  from  E  D  as  bases,  and  each 
of  these  again  furnish  data  for  the  determination  of  D  B.  Lastly, 
B  L  and  B  K  are  found  from  A  B,  and  also  from  E  B ;  from  the 
mean  results  of  which  B  C,  the  required  addition  to  the  measured 
base,  is  obtained. 

Even  if  the  entire  base  had  been  measured,  the  above  is  an 
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excellent  method  of  verifying  the  accuracy  of  the  intermediate 
component  parts,  and  is  also  a  test  of  the  instrument  used  for 
measuring  the  angles.  The  stations,  H,  K,  L,  &c.,  will  also  answer 
for  minor  trigonometrical  points,  and  will  be  found  useful  in  the 
course  of  the  work. 


STANDARD  MEASURE. — In  all  surveys  there  must  be  some 
standard  to  which  the  units  of  measurements  can  be  constantly 
referred.  And  it  is  most  important  that  this  standard  should  be 
rigidly  accurate. 

On  the  Ordnance  Survey  ten  and  twenty  feet  iron  standard  bars 
were  used. 

For  small  surveys  a  standard  chain  should  be  kept  for  checking 
the  chains  in  use.  Captain  Newsome,  K.E.,  suggests  a  standard 
chain  for  this  purpose,  of  flat  crinoline  steel  J  an  inch  in  width, 
and  _!_  to  -^  of  an  inch  in  thickness,  formed  in  foot-lengths  turn- 
ing on  a  rivet.  Estimated  cost  five  shillings.  It  should  never  be 
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used  but  under  the  eye  of  a  superior,  and  then  simply  stretched  on 
level  ground  to  give  the  exact  distance  for  marks  to  be  cut  on 
stones,  let  into  the  earth  previously  at  either  end  of  an  approxi- 
mately correct  line. 

The  next  process  is  the  Triangulation,  which  (combined  with 
the  measurement  of  a  base  line  just  described)  forms  the  pre- 
liminary step  not  only  in  a  correct  trigonometrical  survey,  but  in 
the  more  delicate  operations  of  the  determination  of  the  difference 
of  longitudes  between  two  meridians  such  as  those  of  the  ob- 
servatories of  Greenwich  and  Paris,  and  the  measurement  of  an 
arc  of  the  meridian  to  obtain  the  length  of  a  degree  in  different 
latitudes,  from  whence  to  deduce  the  figure  and  magnitude  of  the 
earth. 


CHAPTER  III. 

TRIANGULATION. 

THE  SELECTION  OF  STATIONS  is  a  matter  which  requires  con- 
siderable experience  and  judgment,  and  must  be  governed  by  the 
nature  of  the  survey  and  the  features  of  the  ground  to  be  mapped 
out. 

The  most  conspicuous  stations  are  selected  as  trigonometrical 
points,  and  are  chosen  with  reference  to  their  relative  positions, 
as  the  nearer  these  triangles  approach  to  being  equilateral,  the 
less  will  be  the  error  in  the  calculation  of  the  sides  resulting  from 
any  slight  inaccuracy  in  the  observed  angles.  A  well-conditioned 
triangle  should  not  have  an  angle  of  more  than  75°  and  less  than 
30°.  Great  care  should  be  taken  to  avoid  the  use  of  very  acute 
angles,  as  slight  errors  in  their  measurement  may  cause  great 
errors  in  the  lengths  of  the  sides  obtained  from  them. 

The  base  being  generally  of  trifling  length  compared  with  the 
distances  between  the  points  of  the  principal  triangles  to  be  ulti- 
mately deduced  from  it,  the  sides  of  these  triangles  must  be  from 
the  first  gradually  increased  as  rapidly  as  is  consistent  with  the 
remark  in  the  previous  paragraph,  till  they  arrive  at  their  greatest 
limit,*  determined  in  an  extensive  survey  by  the  distance  at  which 
these  points  can  be  rendered  clearly  visible. 

*  "  Laplace  a  demontr£  par  le  calcul  des  probabilites  qu'il  ne  faut  employer  que  le 
moins  grand  nombre  possible  de  triangles  du  premier  ordre  couvrant  1'etendue  entiere 
du  pays,  en  leur  donnant  les  plus  grandes  dimensions  permises  par  les  localites,  et 
par  la  puissance  des  lunettes  des  instruments." — Francceur,  "Geodesic,"  page  110. 

The  distances  between  some  of  the  trigonometrical  points  on  the  Ordnance  Survey 
of  Ireland  exceed  100  miles  (the  average  being  about  60),  and  have  been  deduced  from 
the  original  base  of  about  10  miles.  Observations  may  be  made  on  a  station  which 
would  be  hid  by  intervening  high  ground  were  it  not  elevated  above  its  real  place  by 
refraction  ;  but  periods  should  always  be  chosen  for  observing  angles  when  extraordi- 
nary refraction  is  not  remarkable,  on  account  of  its  very  irregular  action. 
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DISTANT  STATIONS  RENDERED  VISIBLE. — As  early  as  1822, 
the  reflection  of  the  sun  from  a  plane  mirror  was  employed  in 
Hanover  for  the  purpose  of  rendering  distant  stations  visible,  and 
this  method  was  adopted  by  General  Colby  an$  Captain  Kater  in 
verifying  General  Roy's  triangulation  for  connecting  the  meridians 
of  Paris  and  Greenwich.  The  station  on  Hanger  Hill  tower  could 
not  be  seen  from  Shooter's  Hill  (only  10  miles  distant),  owing  to 
the  dense  smoke  of  London,  but  was  rendered  clearly  visible  by  tin 
plates  attached  to  the  signal  post,  so  as  to  reflect  the  sun  towards 
the  station  at  stated  times  on  a  certain  day.  The  same  plan  was 
tried  the  following  year  at  the  station  on  Leith  Hill,  near  Dor- 
king, rendering  the  station  visible  at  the  distance  of  45  miles, 
though  the  hill  itself  was  never  once  seen.  The  utility  of  thus 
employing  the  sun's  reflected  rays  being  established  by  these 
results,  an  instrument  was  invented  by  the  late  Captain  Drum- 
mond,  Royal  Engineers,  in  lieu  of  the  former  temporary  expe- 
dients for  directing  the  rays  upon  the  station  to  be  illuminated, 
the  description  of  which  will  be  found  in  his  Paper  on  the  means 
of  facilitating  the  observations  of  distant  stations,  published  in 
the  "  Philosophical  Transactions  "  for  1826,  and  from  whence  the 
above  remarks  have  been  taken.  In  using  this  "  Heliostat "  it  is 
only  necessary  for  the  assistant  to  keep  the  mirror  adjusted  so  as 
to  always  reflect  the  rays  upon  the  station  from  which  the  obser- 
vation is  being  made.*  But  a  contrivance  was  still  wanting  to 
produce  a  light  sufficiently  brilliant  to  answer  for  distant  stations 
at  night.  Bengal  lights  had  been  used  by  General  Roy,  which 
were  succeeded  by  argand  lamps  and  parabolic  reflectors,  and 
these  again,  by  a  large  plano-convex  lens  prepared  by  MM. 
Fresnel  and  Arago,  and  used  by  the  latter  gentleman  conjointly 
with  General  Colby  and  Captain  Kater,  by  the  light  of  which  a 
station  distant  48  miles  was  observed.  The  light  invented  by 
Captain  Drummond,  described  in  the  volume  of  the  "Philo- 
sophical Transactions "  alluded  to,  far  surpassed  all  previous 

*  This  was  effected  by  means  of  a  small  brass  ring  placed  50  or  60  feet  in  front  of 
the  mirror,  adjusted  to  the  proper  elevation  and  in  the  line  of  direction  of  the  station 
previously  approximately  determined.  As  long  as  this  ring  was  kept  illuminated  it 
was  certain  that  the  Heliostat  was  properly  adjusted.  For  a  distance  of  40  or  50 
miles  a  mirror  of  4  or  5  inches  diameter  was  found  sufficient ;  for  100  miles,  one  of  8 
or  10  inches  would  be  required. 

c 


18 


TRIANGULATION. 


contrivances  in  intensity.  A  ball  of  lime,  about  a  quarter  of  an 
inch  in  diameter,  placed  in  the  focus  of  a  parabolic  reflector  and 
raised  to  an  intense  heat  by  a  stream  of  oxygen  gas  directed 
through  a  flame  of  alcohol,  produced  a  light  eighty  times  as 
intense  as  that  given  by  an  argand  burner.  A  station  on  the 
hill  in  the  barony  of  Ennishowen,  of  great  importance,  could  not 
be  seen  from  Devis  Mountain,  near  Belfast,  and  this  instrument 
was  consequently  sent  there  by  General  Colby ;  and  in  spite  of 
boisterous  and  hazy  weather,  the  light  was  brilliantly  visible  at 
the  distance  of  67  miles,  and  would  have  been  so  at  a  much 
greater  distance.  Drummonds  light  might  be  also  made  avail- 
able in  determining  the  difference  of  longitudes  by  signals  which 
will  be  explained  hereafter  * ;  but  difficulties  connected  with  its 
management,  as  well  as  the  cost  of  the  apparatus,  prevented  its 
being  brought  into  general  use  on  the  Ordnance  Survey. 

METHOD  OF  INCREASING  THE  LENGTH  OF  THE  SIDES  OF  THE 
FIRST  TRIANGLES  DIRECTLY  FROM  THE  MEASURED  BASE. — It  has  been 

already  stated 
that  the  sides 
of  the  principal 
triangles  should 
increase  as  ra- 
pidly as  possi- 
ble from  the 
measured  base. 
The  accompany- 
ing sketch  will 
show  how  this 
is  to  be  ma- 
naged without 
admitting  any 
ill-  conditioned 
triangles. 

A  B  is  sup- 
posed to  be  the 
measured    base 
of  3  miles  or  any 
It  is  also  eminently  calculated  for  those  lighthouses  where  powerful  illumination 
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other  length,  and  C  and  D  the  nearest  trigonometrical  points.  All 
the  angles  being  observed,  the  distances  of  C  and  D  from  the 
extremities  of  the  base  are  calculated  with  the  greatest  accuracy. 
In  each  of  the  triangles  D  A  C  and  D  B  C,  we  have  then  the  two 
sides  and  the  contained  angles  to  find  D  C,  one  calculation  acting 
as  a  check  upon  the  correctness  of  the  other.  This  line,  D  C,  is 
£gain  made  the  base  from  which  the  distances  of  the  trigono- 
metrical stations  E  and  F  are  computed  from  D  and  C  ;  and  the 
length  of  E  F  is  afterwards  obtained  in  the  two  triangles  D  E  F 
and  F  E  C.  In  like  manner  the  relative  positions  of  the  points 
H  G  K,  &c.,  are  obtained,  and  this  system  can  be  pursued  until 
the  trigonometrical  stations  arrive  at  the  required  distance  apart. 
When  this  is  once  effected,  the  large  or  primary  triangles  are  piled 
one  on  another  throughout  the  extent  of  the  survey :  arrange- 
ments being  so  made  (either  by  a  double  chain  of  triangles  side  by 
side,  or  by  overlapping,  or  in  any  other  way),  that  independent 
values  may  be  obtained  for  the  lengths  of  the  sides  of  each  triangle 
so  as  to  guard  against  and  nullify  all  error.  The  principal  triangu- 
lation  being  now  complete,  it  is  necessary  to  break  it  up  into 
smaller,  or,  as  they  are  generally  termed,  secondary  triangles. 

SECONDARY  AND  TERTIARY  TRIANGLES. — On  the  Ordnance  Sur- 
veys, both  of  England  and  Ireland,  the  largest  sized  instruments, 
3  feet  in  diameter,  were  used  for  fixing  the  principal  stations.* 
The  angles  at  the  vertices  of  the  secondary  triangles  were 
observed  with  the  second-class  theodolites.  The  sides  of  these 
triangles  were  on  an  average  about  8  or  10  miles  long,  and 
the  intervals  between  them  were  divided  into  small  tertiary 
triangles,  with  sides  of  from  1  to  3  miles  in  length,  smaller 
theodolites  of  7,  9,  and  10  inches  diameter  being  used  for 
measuring  the  angles.  All  points  of  the  secondary  order  of 

is  required.  In  the  "  Philosophical  Transactions"  for  1830  is  a  paper  of  Captain 
Drummond's  on  this  subject,  containing  the  results  of  a  course  of  experiments  carried 
on  by  order  of  the  Trinity  Board.  The  lime  in  these  experiments  was  exposed  to 
streams  of  oxygen  and  hydrogen  gas  from  separate  gasometers,  instead  of  passing  the 
oxygen  gas  through  a  flame  of  alcohol,  which  was  done  on  the  survey  for  the  con- 
venience of  carriage,  though  at  an  increased  expense.  The  oxyhydrogen  and  oxy- 
calcium  lights  are  now  in  common  use  for  flashing  night  signals,  magic  lanterns,  &c. 
*  The  large  class  of  theodolites  used  upon  an  accurate  triangulation  require  some 
protection  from  the  weather.  Light  portable  frame-work  erections,  covered  with 
canvas  or  boarding,  are  used  on  the  Ordnance  Survey.— See  the  article  "  Observatory, 
Portable"  in  the  Aide  Mtmoire. 

c  2 
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triangles,  which  were  fixed  upon,  during  the  progress  of  the 
principal  triangulation,  were  observed  with  the  largest  instrument; 
and  a  number  of  the  minor  stations,  mills,  churches,  &c.,  were 
observed  with  the  second-class  theodolites  from  different  stations  : 

thus  the  connection  be- 
tween the  three  classes  of 
triangles  was  established, 
and  the  positions  of  many 
of  the  minor  stations, 
which  had  been  deter- 
mined by  calculation  from 
a  series  of  small  triangles, 
were  checked  by  being 
made  the  vertices  of  larger 
triangles,  based  upon  sides 
of  those  of  the  second 
order. 

Thus  the  point  E  in 
the  figure  is  determined 
from  the  base  B  C ;  and 
O  from  both  D  C  and 
A  D,  forming  a  connec- 
tion between  the  larger  and  smaller  order  of  triangles,  and 
constituting  a  series  of  checks  upon  the  latter. 

The  length  of  the  sides  of  the  smallest  triangles  must  depend 
upon  the  intended  method  of  filling  up  the  interior.  If  the  con- 
tents within  the  boundaries  of  parishes,  estates,  &c.,  are  to  be 
calculated,  the  distances  between  these  points  must  be  diminished 
to  one  or  two  miles  for  an  inclosed  country,  and  two  or  three, 
perhaps,  for  one  more  open.  If  no  contents  are  required,  and  the 
object  of  the  triangulation  is  solely  to  ensure  the  accuracy  of  a 
topographical  survey,  the  distances  may  be  augmented  according 
to  the  degree  of  minutiae  required  and  the  scale  upon  which  the 
work  is  to  be  laid  down.  On  the  Ordnance  Survey  maps  6  inches 
to  a  mile  (Toi-g-o)>  two  points  per  square  mile  have  been  fixed 
during  the  triangulation,  while  on  the  scale  5  feet  to  a  mile  (10V8) 
eight  times  that  number  have  been  used.  The  reason  is  obvious. 
Under  circumstances  the  most  favourable  to  a  chain-man,  a  dis- 
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tance  obtained  by  measurement  is  likely  to  have  twenty  times  the 
amount  of  error  it  would  have  were  it  obtained  by  triangulation  ; 
the  chain  error  being  not  less  than  1  in  1000.  Hence  the  larger 
the  scale  the  closer  should  be  the  trigonometrical  points  in  order 
to  avoid  any  perceptible  error  in  the  maps  resulting  from  chaining 
over  long  lines. 

The  direction  of  one  or  more  of  the  sides  of  the  principal 
triangles  must  also  be  determined  with  regard  to  the  meridian. 
The  methods  of  ascertaining  this  angle,  termed  its  azimuth,  will 
be  described  hereafter. 

ASSUMED  BASE.  —  If  for  any  cause  it  has  been  found  advisable 
to  commence  the  triangulation  before  the  base  has  been  measured, 
the  sides  of  the  triangles  may  be  calculated  from  an  assumed  base, 
and  corrected  afterwards  for  the  difference  between  this  imaginary 
quantity  and  the  real  length  of  the  base  line  ;  or  if  the  length  of 
the  base  is  subsequently  found  to  have  been  incorrectly  ascer- 
tained, the  triangulation  may  be  corrected  in  a  similar  manner. 

Thus,    suppose    C  B   the    assumed,  E 

and  AB  the  real  length  of  the  base 
—  also  E  B  and  A  E  the  real  distances 
to  the  trigonometrical  point  E,  and 
DB  and  DC  those  calculated  from  A  c'  B 

A    "R 

the  assumed  base,  then  A  E  evidently  =  C  D.    —  ,  and   E  B  = 

\j  Jc5 


INSTRUMENTS  USED  FOR  OBSERVING  ANGLES.—  On  the  Conti- 
nent, the  instrument  that  has  been  generally  used  for  measuring 
the  angles  of  the  principal  and  secondary  triangles  is  Borda's 
repeating  circle*;  but  the  theodolite  is  universally  preferred  in 

*  For  a  detailed  account  of  this  instrument,  which  is  so  seldom  met  with  in 
England,  see  pages  89  to  99,  "Geodesic,  par  Francreur  ;  "  also  page  142,  vol.  i. 
"  Puissant,  Geodesic."  There  is  also  a  very  able  paper  upon  the  nature  of  the 
repeating  circle  by  Mr.  Troughton  in  the  first  volume  of  the  Memoirs  of  the  Astrono- 
mical Society. 

The  portability  of  this  instrument  is  one  of  its  great  recommendations  ;  but  it  seems 
to  be  always  liable  to  some  constant  error,  which  cannot  be  removed  by  any  number 
of  repetitions,  and  the  causes  of  which  are  still  unknown.  With  all  the  skill  of  the 
most  careful  and  scientific  observers,  the  repeating  circle  has  never  been  found  to  give 
the  accurate  results  expected  from  it,  though  in  theory  the  principle  of  repetition 
appears  calculated  to  prevent  almost  the  possibility  of  error  ;  its  accuracy  is  also 
limited  by  the  small  size  of  the  telescopes. 
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England,  and  those  of  the  larger  description,  in  their  present 
improved  state,  are  in  fact  portable  Altitude  and  Azimuth 
instruments.  The  theodolite  possesses  the  great  advantage  of 
reducing,  instrumentality,  the  angles  taken  between  objects 
situated  in  a  plane  oblique  to  the  horizon,  to  their  horizontal 
values,  which  reduction,  in  any  instrument  measuring  the  exact 
angular  distance  between  two  objects  having  different  zenith 
distances,  is  a  matter  of  calculation  depending  upon  the  zenith 
distances  or  co-altitudes  of  the  objects  observed.*  The  formula 
given  by  Dr.  Pearson  for  this  correction  when  the  obliquity  is 
inconsiderable,  which  must  always  be  the  case  in  angles  observed 
between  distant  objects  on  the  horizon,  is  as  follows  : — 

A  being  the  angle  of  position  observed,  H  and  h  the  altitudes 
of  the  two  objects,  and  n  =  sin. 2  (J  H  +  h).  tan.  J  A  —  sin. 2 
(i  H  —  h).  cot.  J  A  .  then  x  (the  correction)  =  n.  sec.  H.  sec.  h. 
The  value  of  n  is  given  in  tables  computed  for  the  purpose  of 
facilitating  this  calculation,  for  every  minute  of  H  and  h,  and 
for  every  ten  minutes  of  A.  When  the  altitude  differs  more 
than  2°  or  3°  from  zero,  the  following  formula  is  to  be  used  in 
preference : — 

Sin.  j-  Z  )  _  V  (sin,  j-  S  -  S) .  sin.  ( j-  S  -  SQ  . 

the  reduced  angle  $  ~  sin.  6,  sin.  5' 


*  This  will  be  evident  from  the  figure  below,  taken  from  page  220  of  "Woodhouse's 
Trigonometry. 

Let  0  be  the  station  of  the  observer,  A 
and  B  the  two  objects  whose  altitudes  above 
the  horizon  are  not  equal ;  then  the  angle 
subtended  by  them  at  0  is  A  0  B  measured 
by  A  B  ;  but  if  Z  a,  Z  b,  are  each  _  90°, 
then  a  b,  and  not  A  B,  measures  the  angle 
a  Z  b,  which  is  the  horizontal  angle  re- 
quired. The  difference,  then,  between  the 
observed  angle  A  0  B  and  a  Z  b,  is  the 
correction  to  be  applied  as  the  reduction 
to  the  horizon.  The  horizontal  distances 
between  these  stations  of  different  eleva- 
tions may  be  found  from  having  the  reci- 
procal angles  of  elevation  and  depression, 
and  the  measured  or  calculated  distances, 
which  being  considered  as  the  hypotenuse  of  the  triangle,  the  distances  sought  are 
the  bases.  From  these  the  horizontal  angles  may  be  calculated  if  required. 
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S  being  the  sum  of  the  angle  observed  and  the  two  zenith  dis- 
tances; and  5  and  6'  the  respective  zenith  distances  of  the 
objects.* 

SPHERICAL  EXCESS. 

All  observed  horizontal  angles  are  however  essentially  spherical 
angles;  and  in  every  triangle  measured  on  the  surface  of  the  earth, 
the  sum  of  the  three  angles  must  therefore,  if  taken  correctly,  be 
more  than  180°.  The  lines  containing  the  observed  angles  are 
in  fact  tangents  to  the  sphere  (supposing  the  earth  to  be  one), 
whereas  to  obtain  the  three  points  considered  as  vertices  of  a  plane 
triangle,  the  angles  must  be  reduced  to  the  value  of  those  con- 
tained between  the  chords  of  the  arcs  constituting  the  sides  of 
the  spherical  triangle.  The  correction  for  this  spherical  excess, 
though  too  minute  to  be  applied  to  angles  observed  with  mode- 
rate-sized instruments  (being  completely  lost  in  the  unavoidably 
greater  errors  of  observation)  should  however  be  calculated  in 
the  principal  triangles,  which  is  easily  done  on  the  supposition 
that  the  area  of  a  spherical  triangle  whose  sides  are  immeasurably 
small  compared  with  the  whole  sphere,  may  be  considered  iden- 
tical with  that  of  a  plane  triangle  whose  sides  are  of  the  same 
length  as  those  of  the  spherical,  and  whose  angles  are  each  dimi- 
nished by  one-third  of  the  spherical  excess  ;  from  which  theorem, 
demonstrated  by  Legendre,  and  known  by  his  name,  is  deduced 

the  form  A-fB-fC  — 180°=  —  ;    or   for   the   excess    in   seconds, 

Q 

-5^7 — TT,  ',  where  S  denotes  the  area  of  the   triangle,   and   r   the 

radius  of  the  earth. f 

The  earth  being  considered  a  perfect  sphere  whose  radius  is 
21,008,000  feet,  one  second  of  space  =  101/43  feet,  and  (101'43)  2 
=  the  square  feet  in  a  square  second. — R,  the  radius  = 

206264-8,    and    the   expression   becomes 

*  For  the  investigation  and  application  of  these  formulae,  see  voL  i.  "Puissant, 
Trait^  de  Geodesic,"  page  174  ;  "  Ggodesie,  par  Franceeur,"  pages  128  and  435  ;  and 
Dr.  Pearson's  "  Practical  Astronomy,"  vol.  ii.  page  505.  Button's  formula  is  tho 
same,  except  that  it  is  expressed  in  terms  of  the  altitude  instead  of  the  zenith 
distances.  See  also  Woodhouse's  "Trigonometry,"  page  220,  and  the  corrections  to 
the  observed  angles  in  the  first  volume  of  the  "Base  Me'trique." 

t  R"  may  be  considered  identical  with See  "  Puissant,"  vol.  i.  page  100. 

sin.  1" 


24  TR1ANGULAT10N. 

x206264/A8;  or,  in  logarithms,  Log.  area-4'0123486-5'3144251 
=  Log.  area  —  9 '3267737  for  the  spherical  excess  in  seconds.* 

On  the  Trigonometrical  Survey  of  England,  the  spherical  ex- 
cess was  constantly  calculated,  not  solely  for  the  purpose  of 
diminishing  the  observed  angles  by  the  amount,  but  to  correct 
the  observations.  Thus  in  one  of  the  large  triangles  in  Dorsetshire 
the  sum  of  the  three  angles  was  0/A5  less  than  180°,  the  calculated 
spherical  excess  amounted  to  1/A29,  showing  an  error  of  1/A79  in  the 
observation,  and  in  many  of  the  triangles  this  error  was  more  con- 
siderable. One-third  of  the  error  thus  found  added  to  each  of  the 
angles,  corrects  them  as  angles  of  a  spherical  triangle,  and  one- 
third  of  the  spherical  excess  deducted  from  each  of  these  corrected 
spherical  angles  converts  them  into  the  angles  of  a  plane  triangle 
ready  for  calculation,  the  sum  of  whose  angles  is  =  180°,  as  is 
seen  in  the  example  below. 


Observed  Angles. 

One-third 
of 
Error. 

Corrected  Sph. 
Angles. 

One-third 
of 
Sph.  Excess 

Rectilinear  Angle.' 
corrected  for 
calculation. 

Hrights!  «•«"*• 
Bolt  head  48  39  24  "5 
Butterton  85  25  58 

+    '597 

+    -597 
+    '597 

45°  54'  37"  '597 

48    39   25    -097 
85    25  58    -597 

-    -43 

-   '43 
-    "43 

45°  54'  37"  '167 

48   39   24    -667 
85   25   58    -167 

179     59    59'5 

180     0     1      -29 

180      0     0 

One-third  of  the  spherical  excess  has  here  been  deducted  from 
each  angle,  but  it  might  have  been  calculated  for  each  separately, 
by  reducing  the  angles  of  the  spherical  triangles  to  the  angles 
formed  by  the  chords.  (Woodhouse,  page  239  ;  Base  du  Systeme 
Metrique,  &c.)  Thus  there  are  three  modes  of  solving  the  large 
triangles  of  a  survey,  first,  by  calculating  them  as  spherical  tri- 
angles with  the  corrected  spherical  angles ;  secondly,  by  computing 
them  as  rectilinear  triangles  with  the  angles  of  the  chords ;  and 
thirdly,  by  Legendre's  more  expeditious  method  of  reducing  each 
angle  by  one  third  of  the  spherical  excess.  In  the  "  Base  du 
Systeme  Me'trique,"  the  sides  of  the  triangles  were  computed  by 
M  three  methods.  On  the  Ordnance  Survey  they  were  formerly 


*  Woodhouse  arrives  at  the  same  result  at  the  termination  of  a  long  investigation 
of  this  correction. —"Trigonometry,"  page  229. 
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mostly  calculated  by  the  second,  and  checked  by  the  third,  but 
latterly  the  last  of  these  modes,  that  by  Legendre's  formula,  was 
the  only  one  used. 

This  subject  is  treated  at  length  in  Puissant,  vol.  i.  pages  100, 
117,  and  223,  and  also  in  the  account  of  the  Trigonometrical 
Survey,  in  Professor  Young's  and  Woodhouse's  Spherical  Trigo- 
nometry ;  and  in  various  other  works. 

REDUCTION  TO  THE  CENTRE  is  a  term  applied  to  the 
correction  for  the  eccentricity  which  arises  when  the  theodolite 
cannot  be  exactly  placed  over  the  station.* 

In  the  triangle  ABC,  suppose  C  the  station  where  the  instru- 
ment cannot  be  set  up.     If  at  any  convenient  point  D,  the  angles 
A  D  B  and  ADC  are  taken,  and  the  distance  C  D  measured,  the 
angle  A  C  B  can  be  thus  determined. 
AEB  =  ACB  +  CAD. 
andAEB  =  ADB  +  DBC. 
\-ACB  +  C  AD  =  ADB  +  DBC, 
and  A  C  B  =  (A  D  B  +  D  B  C)  - 
CAD.    But  sin.  D  B  C  =  sin.  B  D  C 

x  °-?   and  sin.  C  AD  =  sin.  ADC 

D    (j 

x  ?-5    and  as  these  angles  are  ex- 

ceedingly minute,  the  sines  may  be 
substituted  for  the  arcs,  and  we  have 

ACB  =  ADB+^.  sin.  BDC- 

Jt>  U 

—  v  sin.  AD  Cf  or  in  seconds 


sin.  AD  C 


The  necessity  for  the  above  correction  is  not  of  common  occur- 

*  Where  mills,  churches,  and  other  marked  objects  are  selected  as  trigonometrical 
points,  which  are  otherwise  peculiarly  well  adapted,  but  on  which  the  theodolite 


t  Instead  of  deducing  the  angle  at  the  station  on  which  the  instrument  cannot  be 
set  up  from  that  observed  at  any  spot  convenient  to  it,  it  is  often  found  more  expe- 
ditious, particularly  if  there  are  many  observations  made,  to  correct  the  other  angles 
of  the  triangles  ;  this  latter  method  is  generally  now  practised  on  the  Ordnance 
Survey, 
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rence,  as  in  the  principal  triangles,  stations  are  generally  selected 
from  whence  observations  can  be  made ;  and  in  those  of  the 
secondary  order,  the  measurement  of  the  third  angle  is  not  con- 
sidered imperative. 

ADJUSTMENTS  OF  A  THEODOLITE.— In  observing  the 
angles  for  triangulation,  too  much  care  cannot  be  bestowed  upon 
the  adjustments  of  the  instrument.  These  are  briefly  as  follows 
for  the  5  or  7-inch  theodolites  used  in  fixing  points  in  the  interior, 
and  for  traversing.  The  large  theodolite,  3  feet  in  diameter,  known 
by  the  name  of  its  maker,  Ramsden,*  and  liberally  lent  by  the 
Royal  Society  to  the  Ordnance,  is  fully  described  in  the  "  Trigono- 
metrical Survey ;"  and  the  peculiarities  in  the  construction  and 
management  of  the  other  large  instruments  with  which  the  angles 
of  the  principal  and  secondary  triangles  were  observed,  are  soon 
understood  by  any  officer" conversant  with  the  adjustment  of  the 
smaller  class,  which  he  most  generally  has  to  work  with,  and 
which  is  therefore  the  one  selected  for  description. 

The  first  adjustment  is  for  the  line  of  collimation,f  and  consists 

^  cannot  be  set  up,  this  reduction  becomes  neces- 

sary if  angles  are  required  to  be  taken  from 
them.  Temporary  trigonometrical  stations  are 
easily  formed  of  three  or  four  pieces  of  scantling, 
10  or  12  feet  long,  framed  together  as  in  the 
sketch,  with  a  short  pole  projecting  vertically 
upward  from  the  apex  of  the  pyramid.  A  plum- 
met suspended  from  this  gives  the  exact  spot  on 
which  to  set  lip  the  theodolite .  Long  poles,  which 
can  be  removed  when  it  is  required  to  adjust  the 
theodolite  over  the  station,  answer  the  same  pur- 
pose. Two  circular  discs  of  iron  or  other  metal 

on  the  top  of  a  pole,  placed  at  right  angles  to  each  other,  form  very  good  marks  for 
observation. 

*  An  instrument  of  the  same  size  has  since  been  made  by  Messrs.  Troughton  and 
Simms  for  the  survey  of  India,  as  also  another  for  the  Ordnance  Survey.  A  theodo- 
lite of  18  inches  diameter  upon  a  repeating  stand  was  constructed  by  General  Mudge, 
with  an  idea  of  its  superseding  the  larger  theodolite,  the  weight  and  size  of  which 
rendered  its  carriage  an  affair  of  difficulty  ;  but  the  advantage  of  repetition  (so 
desirable  in  single  observations)  possessed  by  moderate-sized  instruments  does  not 
appear  to  compensate  for  the  diminished  size  of  the  circumference  of  the  horizontal 
circle.  Theodolites  of  24,  18,  12,  10,  9,  and  8  inches  diameter  are  also  used  on  the 
Ordnance  Survey,  as  well  as  those. of  smaller  dimensions,  of  7  and  5  inches, 
f  The  instrumental  parallax  should  first  be  removed,  see  note  to  page  33. 
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in  making  the  cross  wires  *  in  the  diaphragm  of  the  telescope 
coincide  with  the  axis  of  the  supports  in  which  the  telescope 
rests  ;  the  proof  of  which  is  their  intersection  remaining  con- 
stantly fixed  upon  some  minute,  well-defined,  distant  point, 
during  an  entire  revolution  of  the  telescope  upon  its  own  axis  in 
the  Ys,  which  are  left  open  for  the  purpose.  When  this  inter- 
section on  the  contrary  forms  a  circle  round  the  object,  the  wires 
require  adjusting.  They  are  generally  placed  crossing  each  other 
at  an  angle  inclined  to  the  horizon  of  about  4-5Vf"  an(i  the  operation 
is  facilitated  by  first  turning  the  telescope  partly  round,  till  they 
appear  horizontal  and  vertical ;  half  the  divergence  of  each  of 
these  lines  from  the  point  is  then  corrected  by  the  screws  near 
the  eye-piece  working  in  the  diaphragm,  loosening  one  screw  as 
that  opposite  to  it  is  tightened.  One  or  two  trials  will  perhaps 
be  required,  the  diaphragm  being  moved  in  the  contrary  direction 
to  that  which  in  the  inverting  eye-piece  it  appears  to  require. 

The  second  adjustment  is  for  the  purpose  of  setting  the  level 
attached  to  the  telescope  parallel  to  the  optical  axis,  and  to  the 
surface  of  the  cylindrical  rings  on  which  it  is  supported ;  this  is 
done  by  simply  levelling  the  telescope  by  means  of  the  tangent 
screw  to  the  vertical  arc,  and  then  reversing  it  end  for  end  in  the 

*  Platinum  wire  is  the  best  adapted  for  the  purpose,  though  cobwebs  are  generally 
used  by  surveyors  ;  and  as  they  are  liable  to  break  from  the  slightest  touch,  it  is 
necessary  that  every  person  using  a  theodolite  should  be  able  to  replace  them  himself. 
They  must  be  stretched  tight  across  the  diaphragm,  and  confined  in  their  places 
(indicated  by  faint  notches  on  the  metal)  by  gum,  or  varnish,  the  latter  of  which  is 
to  be  preferred  on  account  of  its  not  being  affected  by  the  humidity  of  the  atmosphere. 
The  following  simple  and  ingenious  mode  of  fixing  these  cobwebs,  which  to  a  novice 
is  often  a  difficult  and  tedious  operation,  was  mentioned  to  me  by  Mr.  Simms,  who 
constructs  all  the  mathematical  and  astronomical  instruments  for  the  Ordnance 
Survey.  A  piece  of  wire  is  bent  into  a  shape  something  like  a  fork,  the  opening  a  b 
being  rather  larger  than  the  diameter  of  the  diaphragm.  ., 

A  cobweb  being  selected,  at  the  extremity  of  which  a 
spider  is  suspended,  it  is  wound  round  the  fork  in  the 
manner  represented  in  the  sketch,  the  weight  of  the 
insect  keeping  it  constantly  tight.  The  web  is  thus 
kept  stretched  ready  for  use  ;  and  when  it  is  required  to  fix  on  a  new  hair,  it  is 
merely  necessary  to  put  a  little  gum  or  varnish  over  the  notches  on  the  diaphragm, 
and  adjust  one  of  the  threads  to  its  proper  position. 

•f  A  horizontal  wire  is  often  added,  in  order  that  the  theodolite  may.  on  an 
emergency,  be  used  as  a  spirit  level  with  facility. 


I 


28  TRIANGULATION. 

Ys.  If  the  air-bubble  does  not  remain  in  the  centre  of  the  tube 
after  this  reversion,  it  must  be  corrected,  one  half  of  the  error  by 
the  screw  attached  to  one  end  of  the  level,  and  the  remainder  by 
the  vertical  arc.  A  few  trials  will  be  necessary  to  obtain  this  ad- 
justment perfectly;  and  the  level  should  be  at  the  same  time 
adjusted  laterally,  so  as  to  be  in  the  same  vertical  plane  as  the 
line  of  collimation,  if  it  should  be  found,  on  moving  the  telescope 
slightly  on  either  side,  that  the  bubble  becomes  deranged  from  its 
central  position. 

The  object  of  the  third  adjustment  is  to  ensure  the  verticality 
of  the  axis  of  the  instrument,  and  consequently  the  horizontal  posi- 
tion of  the  azimuth  circle,  which  is  instrumentally  at  right  angles 
to  it.  The  level  of  the  telescope  already  adjusted  furnishes  the 
means  of  effecting  this.  The  instrument  being  placed  approxi- 
mately level,  and  the  lower  plate  clamped,  the  upper  plate  is 
moved  till  the  axis  of  the  telescope  is  nearly  over  two  of  the 
opposite  plate  screws ;  the  bubble  of  the  telescope  level  is  then 
adjusted  by  the  vertical  arc,  and  the  upper  plate  turned  round 
180° ;  if  the  level  is  not  in  adjustment,  half  the  error  is  to  be 
corrected  by  the  plate  screws,  and  half  by  the  tangent  screw  of  the 
vertical  arc.  The  same  operation  must  be  repeated  with  the 
telescope  over  the  other  pair  of  plate  screws ;  and  when,  after 
several  trials,  the  air-bubble  of  the  level  attached  to  the  telescope 
remains  constantly  in  the  centre  of  the  tube  in  whatever  position 
it  is  turned,  it  is  only  necessary  to  adjust  the  two  small  levels  on  the 
upper  plate  to  correspond,  and  they  will  serve  to  indicate  when  the 
axis  of  the  instrument  is  vertical,  care  being  taken  to  verify  their 
adjustment  from  time  to  time. 

The  vernier  of  the  vertical  arc  is  the  last  adjustment ;  it  should 
indicate  zero  when  all  the  above  corrections  have  been  made.  If 
it  differs  from  this  point,  it  can  be  set  to  zero  by  releasing  the 
screws  by  which  the  arc  is  held ;  but  if  the  difference  is  small,  it 
is  better  to  note  it  as  an  index  error  +  ,or  — ,  than  to  make  the 
alteration.  The  difference  between  the  index  error  and  correction 
for  index  error  should  not  be  overlooked  ;  a  —  index  error  being 
a  +  correction ;  errors  have  sometimes  crept  into  calculations 
through  inattention  to  this  on  the  part  of  the  observer. 

A  better  plan  of  obtaining  the  index  error  of  the  vertical  arc 
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with  accuracy  is  by  observing  reciprocal  angles  of  depression  and 
elevation  from  two  stations  about  four  hundred  or  five  hundred 
yards  distant.  If  none  exists  the  angles  will  correspond ;  other- 
wise the  errors  will  be  equal,  but  in  an  opposite  direction ;  and 
half  their  difference  is  the  index  error. 

If  the  distance  selected  be  too  long,  it  becomes  necessary  to 
take  into  account  the  corrections  for  refraction  and  the  curvature 
of  the  earth,  depending  upon  the  arc  of  distance,  which  subjects 
will  be  explained  hereafter :  but  for  the  purpose  of  ascertaining 
the  index  error  of  the  vertical  arc  of  a  theodolite,  the  distance 
named  is  quite  sufficient. 

The  mean  of  all  the  verniers  should  invariably  be  taken,*  and 
each  angle  repeated  six  or  eight  times.  The  errors  of  eccentricity 
and  graduation  of  the  instrument  are  thus  almost  annihilated, 
and  those  of  observation  of  course  much  diminished.  The 
repetition  of  angles  is  also  the  only  means  by  which  they  can  be 
measured  with  any  degree  of  minuteness  by  small  instruments  : 
the  large  2-feet  theodolites  used  on  the  Ordnance  Survey  are  in 
fact  portable  altitude  and  azimuth  instruments,  and  a  short  de- 
scription of  their  construction  and  adjustments  will  be  found  at 
the  end  of  Chapter  XII.,  after  the  Problems. 

The  "  Vernier  "  above  alluded  to  is  a  subsidiary  contrivance  for 
measuring  minute  spaces  between  the  graduated  divisions  of  an 
arc  of  any  instrument  (or  of  any  scale,  such  as  that  of  the 
barometer),  and  consists  of  a  slide  moving  with  the  index  easily 
along  the  arc  or  scale  with  which  it  is  in  close  contact.  The 

*  On  the  azimuth  circle  of  the  large  theodolite  used  on  the  triangulation  of  the 
Ordnance  Survey,  the  original  verniers  were  only  at  the  two 
opposite  points  A  and  B,  the  mean  of  the  readings  at  which 
were,  of  course,  always  taken.  Subsequently,  the  verniers  at 
C  and  D  were  added,  each  of  them  equidistant  120°  from  A,  and 
also  from  each  other.  It  has  since  been  sometimes  the  custom, 
first  to  take  the  mean  of  A  and  B,  and  afterwards  the  mean  of 
A  C  and  D,  and  to  consider  the  mean  between  these  two  valua- 
tions as  the  true  reading  of  the  angle  ;  this  method  has, 
however,  been  objected  to  as  being  incorrect  in  principle,  an  undue  importance  being 
given  to  the  reading  of  the  vernier  A,  and  also  in  a  smaller  degree  to  B.  The  influence 
assigned  to  each  vernier  is,  in  fact,  as  follows  : — A  .  5 ;  B  .  3  ;  C  and  D,  2  each. 
A  theodolite  of  the  same  size  and  construction  has  been  since  made  with  four  equi- 
distant verniers. 
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space  occupied  by  a  certain  number  of  the  divisions  on  the  limb 
of  the  instrument  is  equally  divided  in  the  vernier  into  either  one 
more  or  one  less  than  this  number,  generally  the  former,  and  the 
value  of  the  intermediate  space  between  any  divisions  on  the  limb 
is  obtained  by  noting  the  coincidence  of  any  division  on  the 
vernier  with  some  other  on  the  limb,  which  gives  the  difference 
between  one  of  each  of  these  two  divisions  multiplied  by  the 
number,  as  in  each  coincidence  the  zero  of  the  vernier  has  to  be 
moved  through  a  space  equal  to  the  difference  between  one 
division  of  the  instrument  and  one  of  the  vernier.  Call  L  the 
length  of  one  division  of  the  limb,  and  V  that  of  one  division  of 
the  vernier,  and  n  the  number  of  equal  parts  into  which  the 
vernier  is  divided — 

then  L  (TI  —  1)  =  V  TZ, 
or  L  ?i  —  L  =  V  n 
whence  Ln  —  ~V  n  =  L 

andL  -  V  =  ^; 

that  is,  the  difference  between  each  of  the  divisions  on  the 
respective  scales  is  equal  to  -  of  one  of  the  divisions  on  the  limb. 

As  the  number  of  divisions  on  the  limb  is  limited  by  the  size  of 
the  arc,  the  subdivisions  of  the  intermediate  space  between  each 
division  by  means  of  the  vernier  is  also  limited,  and  for  very 
minute  readings  the  micrometer  microscope  is  substituted  for  it. 
Where  the  zero  of  the  vernier  corresponds  with  any  division  on 
the  limb  of  the  instrument,  of  course  the  observed  angle  is  read 
without  the  assistance  of  the  vernier.  On  a  9 -inch  sextant 
the  arc  is  generally  divided  to  20  minutes,  and  59  of  such 
equal  parts  are  made  equal  to  60  divisions  of  the  vernier.  In 

this  case  L  —  V  =  |~  =  20",  which  is  the  limit  of  the  power  of 

the  vernier,  the  total  length  of  which  must  be  at  least  equal  to 
19°  40'. 

The  micrometer  microscope  consists  of  a  system  of  lenses 
similar  to  those  of  an  ordinary  microscope,  having  across  it  a 
rectangular  box  (whose  plane  is  perpendicular  to  the  optical  axis 
of  the  microscope)  in  which  is  placed  the  diaphragm,  consisting  of 
two  parts,  one  moving  over  the  other.  One  of  these  parts,  con- 
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taming  the  cross  wires,  is  made  to  move  freely  with  its  accom- 
panying index  by  means  of  a  finely  cut  screw,  the  circumference 
of  whose  outer  head  is  divided  into  60  equal  parts  (or  more  if 
required),  acting  against  the  fixed  part  of  the  box  and  turned  by  a 
mill  head,  and  the  other  part  of  a  small  comb  or  set  of  teeth  used 
for  noting  the  number  of  revolutions  of  the  milled  head,  and 
capable  of  adjustment  to  secure  the  agreement  of  the  zeros  of  the 
micrometer  and  the  comb.  The  micrometer  head  can  also  be 
turned  round  on  the  screw,  to  be  made  to  read  zero  when  the 
cross  wires  bisect  any  division  on  a  graduated  scale  or  arc.  The 
teeth  of  the  comb  agree  with  the  divisions  on  the  arc,  whether 
they  may  be  5,  10,  or  15*  minutes.  The  micrometer  head  when 
divided  into  60  parts  represents  by  each  division  one  second,  and 
5  revolutions  of  the  micrometer  are  equal  to  a  space  of  five 
minutes  on  the  divided  limb.  In  place  of  the  theodolite  now 
described,  Everest's  theodolite  has  been  much  used  in  India ;  its 
merits,  however,  appear  to  be  more  than  counterbalanced  by  its  dis- 
advantages. The  horizontal  limb,  being  supported  on  three  screws 
only,  is  capable  of  being  levelled  very  rapidly,  and  the  three- 
legged  stand  can  be  used  with  great  facility  on  top  of  a  wall  :  on 
the  other  hand,  three  screws  are  not  sufficient  to  steady  the 
instrument.  In  the  ordinary  instrument,  with  four  screws,  each 
opposite  pair  bear  against  each  other  between  the  parallel  plates 
and  render  the  instrument  perfectly  steady.  The  adjustments, 
also,  in  the  Everest's  theodolite  cannot  be  properly  tested;  for  the 
telescope  cannot  be  turned  round,  nor  end  for  end,  nor  over  on  to 
opposite  bearing,  neither  can  it  be  reversed,  and  it  can  only  be 
elevated  or  depressed  a  few  degrees. 

METHOD  OF  DISCOVERING  LOST  STATIONS. — It  is  frequently 
necessary  to  refer  to  trigonometrical  stations  long  after  the  angles 
have  been  observed  ;  either  for  the  purpose  of  fixing  intermediate 
points,  or  of  rectifying  errors  that  may  have  crept  into  the  work. 
Large  marked  stones  should  therefore  be  always  buried  under  the 
principal  stations  which  are  not  otherwise  identified  by  permanent 
erections,  and  a  clear  description  of  the  relative  position  of  these 
marks  with  reference  to  objects  in  their  vicinity  should  be  always 
recorded.  If,  however,  any  station  should  be  lost,  and  its  site 
required  to  be  ascertained  for  ulterior  observations,  the  following 
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method,  which  was  adopted  by  General  Colby,  will  be  found  to 
answer  the  purpose  with  very  little  trouble  and  with  perfect 
accuracy. 

Let  D  be  the  lost  station,  the  position  of  which  is  required. 
Assume  T  as  near  as  possible  to  the  supposed  site  of  the  point  in 
question  (in  the  figure  the  distance  is  much  exaggerated  to  render 
the  process  intelligible),  and  take  the  angles  A  T  B,  B  T  C  ;  A,  B, 
and  C  being  corresponding  stations  which  have  been  previously 
fixed,  and  the  distances  of  which  from  D  are  known.  If  the  angle 
A  T  B  be  less  than  the  original  angle  A  D  B,  the  point  T  is 
evidently  without  the  circle  in  the  segment  of  which  the  stations 
A  and  B  are  situated  ;  if  the  angle  be  greater,  it  is  of  course 
within  the  segment.  The  same  holds  good  with  respect  to  the 
angles  B  T  C  and  B  D  C. 


Recompute  the  triangle  A  B  D,  assuming  the  angle  at  D  to  have 
been  so  altered  as  to  have  become  equal  to  the  angle  at  T,  and 
that  the  angle  at  A  is  the  one  affected  thereby. 

Again,  recompute  the  triangle,  supposing  the  angle  at  B  the  one 
affected.  In  like  manner,  in  the  triangle  B  D  C  recompute  the 
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triangle,  supposing  the  angles  at  B  and  C  to  be  alternately 
affected  by  the  change  in  B  D  C.  These  computations  will  give 
the  triangles  ABE,  ABE',  B  C  F,  B  C  F  calculated  with  the 
values  of  T,  as  observed  at  the  first  trial  station  (in  both  the 
present  cases  greater  than  those  originally  taken  at  D),  and  the 
angles  at  A,  B,  and  C,  alternately  increased  and  diminished  in 
proportion.  Produce  A  T  and  B  T,  making  T  1  and  T  1'  equal 
respectively  to  E  D  and  E'D,  the  differences  between  the  distances 
just  found  and  the  original  distances  to  the  point  D  ;  and  through 
the  points  1  1',  which  fall  nearly,  though  not  exactly,  in  the 
circumference  of  the  circle  passing  through  ABD,  draw  the  line 
0  0'.  A  repetition  of  the  same  process  in  the  triangle  BCD  gives 
the  points  2  2',  through  which  draw  the  line  N  N',  the  intersection 
of  which  with  0  (X  gives  the  point  T',  which  is  approximately  the 
lost  station  required.  Only  two  triangles  are  shown  in  the 
diagram,  to  prevent  confusion,  but  three  at  least  ought  to  be 
employed  to  verify  the  intersection  at  the  point  T'  if  the  original 
observations  afford  the  means  for  doing  so  ;  and  where  the  three 
lines  are  found  not  to  meet,  but  form  a  small  triangle,  the  centre 
of  this  is  to  be  considered  the  second  trial  station,  from  whence 
the  real  point  D  is  to  be  found  by  repeating  the  process  described 
above,  unless  the  observations  taken  from  it  prove  the  identity  of 
the  spot  by  their  agreeing  exactly  with  the  original  angles  taken 
during  the  triarigulation. 

If  the  observed  angle  T'  be  less  than  the  original  angle,  the  dis- 
tances T  1,  T  1',  T  2,  and  T  2',  must  be  set  off  towards  the  stations 
A,  B,  and  C,  for  the  point  T;  and  these  stations  should  be 
selected  not  far  removed  from  D,  and  forming  triangles  approach- 
ing as  near  as  possible  to  being  equilateral,  as  the  smallest  errors 
in  the  angles  thus  become  more  apparent.  If  the  observations 
Have  been  made  carefully  and  with  due  attention  to  these  points, 
the  first  intersection  will  probably  give  very  near  the  exact  site  of 
the  original  station,  or  at  all  events  a  third  trial  will  not  be 
necessary. 

To  save  computation  on  the  ground,  it  is  advisable  to  calculate 
previously  the  difference  in  the  number  of  feet  that  an  alteration 
of  one  minute  in  the  angles  at  A,  B,  C,  &c.,  would  cause  respec- 
tively in  the  sides  AD,  D  B,  DC,  &c.  The  quantities  thus 
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obtained,  being  multiplied  by  the  errors  of  the  angle  at  T,  will 
give  the  distances  to  be  laid  off  from  T  in  the  direction  A  T,  B  T. 
And  in  order  also  to  avoid  as  much  as  possible  any  operations  of 
measurement  to  obtain  the  position  of  the  point  T',  the  distances 
from  the  trial  station  T  should  be  laid  down  on  paper  on  a  large 
scale  in  the  directions  T  A,  T  B,  &c.  (or  on  their  prolongation),  to 
obtain  the  intersection  T'  of  the  lines  1 1'  and  22'  and  from  this 
diagram  the  angle  formed  at  T  with  this  point  T',  and  the  line 
drawn  in  the  direction  of  any  of  the  stations  A,  B,  or  C,  can  be 
taken,  as  also  the  distance  T  T';  the  measurement  of  one  angle 
and  one  short  line  is  all  that  is  required  on  the  ground. 

The  triangulation  should  never  be  laid  down  on  paper  until  its 
accuracy  has  been  tested  by  the  actual  measurement  of  one  or 
more  of  the  distant  sides  of  the  triangles  as  a  base  of  verification, 
and  by  the  calculation  of  others  from  different  triangles  to  prove 
the  identity  of  the  results.  Beam  compasses,  of  a  length  propor- 
tioned to  the  distance  between  the  stations  and  the  scale  upon 
which  the  survey  is  to  be  plotted  are  necessary  for  this  operation  ; 
but  if  the  survey  when  plotted  will  extend  more  than  six  feet  in 
length,  or  be  on  more  than  one  sheet  of  paper,  it  will  not  be 
desirable  or  indeed  practicable  to  score  the  points  with  beam 
compasses.  The  lines  of  the  triangles  must  be  referred  to  the 
meridian,  and  the  points  where  they  cut  the  sheet  edges  deter- 
mined by  general  geometry. 

THE  LATITUDE  AND  LONGITUDE  of  each  of  the  trigonometrical 
stations  were  obtained  with  the  most  minute  exactness  on  the 
Ordnance  Survey,  both  by  astronomical  observations  and  by  com- 
putation. For  the  latitude  a  zenith  sector  was  used,  which  was 
constructed  under  the  directions  of  the  Astronomer  Royal,  and  for 
which  a  portable  wooden  observatory  was  contrived.  The  instru- 
ment is  placed  in  the  plane  of  the  meridian,  and  the  axis,  which 
has  three  levels  attached,  made  vertical.  In  observing,  the 
telescope  is  set  nearly  for  a  star,  reading  the  micrometer  micro- 
scope to  the  sector,  and  the  observation  is  completed  by  the  wire 
micrometer  attached  to  the  eye  end  of  the  telescope,  the  level 
readings  and  the  time  being  also  noted.  The  instrument  is  then 
turned  half  round,  and  the  observation  repeated,  completing  the 
bisection  on  this  side  by  the  tangent  screw,  again  noting  the  levels 
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and  times,  and,  lastly,  the  readings  of  the  micrometer  microscopes. 
The  double  zenith  distance  is  thus  obtained,  from  whence  the 
latitude  is  determined,  as  explained  in  the  Astronomical  Problems. 
The  latitudes  and  longitudes  have  been  adapted  to  the  Ordnance 
Maps  published  on  the  enormous  scale  of  6  inches  to  1  mile,  to 
seconds  of  latitude  and  longitude,  with  a  very  trifling  maximum 
error,  a  triumph  of  practical  science  that  some  years  since  would 
have  been  deemed  impossible. 

OBSERVING.* — Place  the  instrument  precisely  over  the  centre  of 
the  station.  Choose  or  set  up  a  referring  object  (called  in  field- 
book  R  0.)  about  a  mile  or  two  away  from  the  station,  and  in  such 
a  position  that  it  can  be  seen  at  all  times  when  observations  can 
be  made.  In  hot  climates  it  is  desirable  there  should  be  a  valley 
between  the  station  and  R.  0.  in  order  that  the  motion  of  the 
air  over  the  heated  ground  may  not  influence  the  observations. 
The  observation  of  the  R  0.  begins  and  ends  each  series  of 
observations,  and  any  difference  between  the  readings  will  show 
whether  the  instrument  is  in  good  adjustment,  or  whether  any 
slight  shift  has  taken  place.  All  observations,  remarks,  &c., 
should  be  entered  in  the  field-book  on  the  ground,  at  the  time  of 
observing,  in  ink ;  and  additions  of  any  kind  made  in  the  book  in 
the  office  should  be  entered  in  a  different-coloured  ink,  so  that  no 
possible  mistake  can  arise  as  to  what  has  actually  been  entered  in 
the  field. 

A  record  should  be  kept  of  all  trigonometrical  stations,  giving  a 
sketch  of  the  position  of  each,  and  measurements  from  it  to  any 
permanent  objects  near,  and  any  other  data  from  which  the  station 
may  be  recovered  should  it  be  required  in  after-years. 

*  Captain  Bailey's  instructions  to  his  observers  in  the  triangulation  of  Cape  Colony 
were,  "  to  be  careful  that  the  instrument  was  in  good  order  and  adjustment ;  to  move 
the  lower  plate  in  azimuth  in  one  arc,  and  to  reverse  the  instrument  every  alternate 
arc  ;  to  book  all  observations  in  ink,  and  add  nothing  afterwards  to  the  entry  made 
on  the  spot ;  to  take  no  observations  in  unfavourable  weather ;  to  pay  primary  at- 
tention to  observing  the  principal  stations  ;  to  observe  these  not  less  than  twenty 
times,  and  other  objects  not  less  than  five  times,  if  possible  ;  to  prefer  poles  or  piles 
to  heliostats  ;  to  observe  all  permanent  objects  in  sight,  especially  such  as  could  be 
identified  and  fixed  by  observations  from  some  other  stations,  such  as  churches, 
prominent  hills  bearing  distinctive  names  ;  to  keep  a  constant  look-out,  in  the  hope 
of  picking  up  any  newly  erected  beacons ;  to  take  vertical  observations  four  to  six 
times." 

D  2 
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THE  FIXATION  OF  A  POINT  FKOM  OBSERVATIONS  AT  ITSELF  is 
much  made  use  of  in  maritime  surveys,  but  it  is  also  frequently 
requisite  in  the  streets  of  a  large  town  where  the  chaining  of  the 
sides  of  the  minor  triangles  would  be  impracticable,  and  where  it 
is  necessary  either  to  traverse  the  streets  or  (what  is  far  better)  to 
fix  in  them  a  considerable  number  of  interpolated  bolts  or  stations, 
by  means  of  which  the  town  mjT£  be  divided  off  into  blocks  or 
rectangles.  A  bolt  may  often  have  not  been  observed  from  any 
other  station,  but  provided  three  or  more  stations  (whose  positions 
can  be  computed)  can  be  observed  from  it,  its  position  may  be  as- 
certained either  by  construction,  calculation,  or  adjustment. 

The  following  is  the  mode  of  obtaining  the  position  of  the 
observer  by  construction  in  the  case  that  most  commonly  occurs, 
viz.  when  the  three  points  form  a  triangle,  ^viihout  which  the 
place  of  observation  lies  : — 0,  P,  and  Q  represent  the  three  points 


on  shore  whose  positions  have  been  determined  by  interior  tri- 
angulation,  and  S  a  rock  or  anchorage  whose  place  is  to  be 
determined  with  relation  to  the  stations  above  mentioned.  Suppose 
the  angle  QSP  is  observed  35°,  and  P  S  O  =  40°,  describe  a  circle 
passing  through  Q,  S,  and  P,  which  is  thus  done  :— Double  the 
angle  QSP  which=70°;  subtract  this  from  180,  leaving  110°; 
lay  off  half  of  this,  or  55°  at  P  Q  R,  and  Q  P  R,  and  the  angle  at  R 
is  evidently  =  70°,  or  double  QSP;  now  the  angle  at  the  centre 
being  double  that  at  the  circumference,  a  circle  described  from  R 
as  a  centre  with  the  radius  R  Q,  or  R  P,  will  pass  through  the  point 
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S.  In  like  manner  a  circle  described  from  V,  with  the  radius 
V  P,  will  also  pass  through  S,  and  their  intersection  gives  the  spot 
required. 

The  position  of  the  point  is  found  by  adjustment  by  means  of  a 
thin  piece  of  tracing  paper  on  which  the  observed  angles  are 
plotted ;  this  can  be  shifted  about  until  the  point  falls  on  to  the 
only  spot  from  whence  the  lines  containing  the  observed  angles 
will  pass  through  the  three  fixed  stations.  An  instrument,  called  a 

station-pointer,  is  also  sometimes  used  for  this  purpose. 

pi 
The  formula  for  calculation  is  cot.  B  A  0  =  cot.  S  ( -  sin.  BOG 

cosec.  A  0  B.  Sec.  S  +  1).  Where  a  and  b  represent  the  sides  B  C 
and  A  C  respectively,  and  S  represents  360°— A  0  C— AB  C. 

This  method  of  fixing  a  point  will  also  be  found  very  useful 
when  travelling  in  a  country  where  only  a  few  of  the  leading 
features  are  known,  especially  should  one  of  the  lines  observed 
be  referred  to  the  magnetic  north,  or,  better  still,  to  the  true 
meridian  ;  in  the  latter  case  the  position  of  0  can  be  immediately 
obtained  by  construction  or  calculation  with  facility. 

POSITION  FOUND  BY  LATITUDE  AND  AZIMUTH  ANGLES.— Re- 
quired to  find  the  position  of  0,  the  point  A  being  fixed  and  visible. 

From  the  point  0  ascertain  the  true  me- 
ridian N  0,  and  measure  the  azimuth  angle 
N  0  A.  Observe  for  latitude  at  0,  and  com- 
pute the  side  A  0  or  A  N  in  the  right-angled 
triangle  A  N  0,  the  angles  being  known 
and  also  the  base  N  0,  which  equals  the 
difference  in  latitude  between  A  and  0. 

It  is  of  course  desirable  that  more  than  one 
fixed  point  should  be  observed  to  from  0. 

This  system  may  be  the  nearest  approach  to  a  trigonometrical 
survey  practicable  in  a  wild  or  hostile  country,  and  is  susceptible 
of  considerable  comparative  accuracy,  if  carried  on  with  judgment ; 
it  is,  however,  after  all,  but  a  makeshift  compared  with  a  triangula- 
tion,  and  should,  perhaps,  have  been  mentioned  under  the  head  of 
a  Military  Reconnaissance. 


CHAPTER  IV. 

INTERIOR  FILLING-IN  OF   SURVEY,  EITHER  ENTIRELY   OR 
PARTIALLY,   BY  MEASUREMENT. 

THE  more  carefully  the  triangulation  has  been  carried  on,  the 
easier  and  the  more  correct  will  be  the  interior  filling  up,  whether 
entirely  by  measurement  with  the  chain  and  theodolite,  or  only 
partially  so,  the  remainder  being  completed  by  sketching ;  the 
former  of  these  methods  will  be  first  explained. — 

MINOR  TRIANGLES.— On  the  Ordnance  Survey  the  sides  of  the 
tertiary  or  minor  triangles  (whose  true  lengths  have  been  com- 
puted from  the  triangulation)  are  actually  measured  with  the 
chain  from  trigonometrical  point  to  point,  the  directions  of  the 
lines  forming  their  sides  (one  to  three  miles  in  length)  having 
been  partially  selected  with  reference  to  the  ultimate  objects,  viz., 
the  delineation  of  the  natural  and  artificial  objects  on  the  surface 
of  the  ground  and  the  boundaries  of  woods,  estates,  parishes,  &c. 
"Where  it  is  practicable,  these  lines  should  connect  conspicuous 
permanent  objects,  such  as  churches,  mills,  &c. ;  and  in  all  cases 
the  old  vicious  system  of  measuring  field  after  field,  and  patching 
these  separate  little  pieces  together,  should  be  most  carefully 
avoided.*  The  method  of  keeping  the  field-book  in  measuring 
the  interior  with  the  chain,  and  plotting  from  its  contents,  is  of 
course  similar  to  the  usual  mode  of  surveying  estates,  parishes,  &c. ; 
and,  as  stated  in  the  Preface,  this  preliminary  knowledge  is  sup- 

*  Very  excellent  instructions  for  the  guidance  of  surveyors  employed  in  forming 
plans  of  estates  and  parishes  are  to  be  found  in  the  report  from  the  late  Colonel 
Dawson,  Royal  Engineers,  to  the  Tithe  Commissioners  of  England  and  Wales, 
November,  1836,  from  which  report  Mr.  Bruff,  in  his  "  Engineering  Field-book," 
has  extracted  a  number  of  valuable  directions. 
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posed  to  have  been  already  acquired.  But  on  an  extensive 
survey  one  general  system  must  of  necessity  be  'rigorously 
enforced,  to  insure  uniformity  in  all  the  detached  portions  of 
detail,  and  on  this  account  an  outline  of  the  system  adopted  in  the 
Ordnance  Survey  is  given. 

THE  CHAIN  AND  ITS  USE. — In  surveys  which  have  reference  to 
the  superficial  measurement  of  land  in  acres,  Gunter's  chain  is 
always  used  on  account  of  its  enabling  the  contents  of  triangles, 
parishes,  &c.,  to  be  computed  by  means  of  the  decimal  system. 
It  is  66  feet  (=4  poles)  in  length,  and  is  divided  into  100  links 
of  7'92  inches  each.  A  square  chain  equals  484  square  yards,  and 
therefore  10  square  chains  equal  4840  square  yards,  or  one  acre, 
hence  the  area  when  computed  and  expressed  in  square  chains 
and  decimals  is  converted  into  acres  by  merely  dividing  the 
amount  by  10  ;  if  any  decimals  remain,  they  are  reduced  to 
roods  and  perches  by  multiplying  first  by  four  and  then  by 
40,  thus  :— 

669146  square  chains  =  66'9146  acres. 

4 


3-6584  roods. 
40 

Giving  66. a.  3  r.  26'336  p.  26'3360  perches. 

For  lineal  measurement,  for  the  survey  of  towns  or  fortifications, 
or  for  ascertaining  the  content  in  square  yards  or  feet,  a  chain  of 
100  or  50  feet  is  often  used  ;  but  the  former  is  inconveniently 
long  and  too  unwieldy,  and  the  latter,  though  handy,  is  very  liable 
to  cause  confusion  either  in  taking  the  measurement  or  in  booking 
it,  because  in  each  hundred  feet  the  chain  has  to  be  twice  laid ; 
for  example,  a  point  at  275  feet  on  line  would  read  25  on  chain, 
and  it  is  only  by  the  exercise  of  great  vigilance  that  errors  of  50 
feet  both  in  the  detail  and  in  the  total  length  can  be  prevented 
creeping  in.  These  chains  are  divided  into  links  of  one  foot 
each. 

The  chain  is  constructed  of  lengths  of  stout  iron  wire,  with  eyes 
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at  each  end,  connected  together  by  means  of  two  or  three  elliptical 
bends  or  rings,  each  of  these  lengths,  with  a  portion  of  the  adjoin- 
ing bends,  is  called  a  link;  the  chain  is  caused  to  coincide  with 
the  standard  length  by  adding  or  removing  one  or  more  of  these 
bends,  but  care  must  be  taken  that  this  adjustment  should  not  be 
effected  at  one  point  in  the  chain,  but  should  be  distributed  over 
its  length,  so  that  it  may  not  only  be  correct  as  a  whole,  but  that 
also  the  distances  from  any  one  point  to  any  other  in  the  chain 
may  be  nearly  exact. 

At  every  tenth  link  in  the  chain  a  piece  of  brass  is  hung  on,  cut 
to  a  shape  denoting  the  number  of  tens  counted  from  ends  to 
centre ;  these  numbers  being  generally  indicated  by  means  of  deep 
notches  separating  the  end  of  the  brass  into  fingers.  In  a  chain  of 
100  links  these  brasses  would  show  respectively  1,  2,  3,  4,  5, 
4,  3,  2,  1,  so  that  the  chain  may  be  used  from  either  end ;  the 
brass  at  5,  instead  of  having  five  fingers,  is  generally  round  or 
oblong,  so  as  to  be  easily  observable  at  a  short  distance.  It  is  most 
necessary  that  the  marks  on  these  brasses  should  be  distinct;  other- 
wise, when  chaining  in  muddy  roads,  mistakes  of  10  links  will  occur. 

As  the  chain  is  apt  to  alter  considerably  in  length  from 
day  to  day  when  in  use,  it  is  necessary  to  test  and  correct  it  at 
the  commencement  and  return  from  work  with  an  accurate  chain's 
length  marked  on  the  ground  near  the  office  or  house  where  it 
is  kept ;  at  this  time  care  should  be  taken  to  straighten  all  the 
lengths  of  iron  wire  that  have  become  bent ;  if  this  is  not  carefully 
attended  to,  considerable  errors  may  occur  in  the  length  of  lines 
chained,  on  account  of  the  wires  gradually  straightening  by  the 
tension  they  are  subjected  to  during  the  day,  and  thus  causing  an 
increase  in  the  length  of  chain.  It  is  also  to  be  remembered  that 
it  is  not  sufficient  merely  to  lay  the  chain  along  the  standard 
length  in  testing,  but  that  the  same  power  of  tension  should 
be  exerted  as  is  exercised  in  the  field  ;  at  the  same  time  it  must 
not  be 'forgotten  that  the  sag  of  a  chain  when  pulled  taut  and 
suspended  above  the  ground  somewhat  lessens  its  horizontal 
length  as  compared  with  what  it  would  measure  were  the  same 
tension  exerted  while  it  lay  on  a  smooth  surface.  The  exact 
amount  of  tension  required  is  therefore  not  constant,  and  can  only 
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be  ascertained  by  practice ;  it  is  a  subject  to  which  the  young 
chainman  must  pay  particular  attention. 

Each  chain  is  provided  with  ten  arrows  of  iron  wire,  each 
12  inches  long,  pointed  at  one  end  and  bent  into  a  ring  at  the 
other,  to  which  is  attached  a  piece  of  red  cloth  to  render  it  conspi- 
cuous when  chaining  over  grass  lands.  The  offset  staff,  ten  links 
in  length,  should  be  made  of  stout  wood  (ash  or  red  pine)  painted 
black,  about  1  inch  square  at  centre,  shod  at  one  end  with  an  iron 
point  for  sticking  into  the  ground,  and  at  the  other  with  a  hook 
for  dragging  or  lifting  up  the  chain  by  the  handle  through  a 
hedge  or  among  underwood.  The  links  should  be  marked  by 
white  rings  run  round  the  staff,  the  centre  being  made  con- 
spicuous by  a  double  ring. 

The  station  poles  should  be  about  12  feet  long,  pointed  and  shod 
with  iron,  and  surmounted  by  a  flag ;  they  are  used  in  taking  up 
alignments,  and  for  marking  the  stations. 

On  the  6  inches  to  a  mile  scale  offsets  should  not  exceed  a 
hundred  links  (66  feet)  in  length  as  a  rule,  but  on  smaller  scales  a 
greater  latitude  may  be  allowed,  especially  where  the  object  to  be 
fixed  is  not  very  clearly  defined.  The  cross  staff  is  often  used  in 
setting  off  perpendicular  lines,  but  it  is  not  to  be  compared  to  the 
optical  square;  this  is  a  little  instrument  by  which  objects  per- 
pendicular to  the  line  at  the  point  where  the  observer  stands  are 
reflected  in  a  mirror  so  as  to  coincide  with  objects  in  the  line 
chained  ;  by  means  of  it  long  offsets  may  be  taken. 

The  measuring  tape  may  often  have  to  be  used  for  working 
round  a  building,  or  in  a  town  ;  but  it  is  very  inconvenient  in  wet 
weather,  unless  a  superior  article  is  used ;  the  cheaper  tapes  soon 
fray  out  and  become  bundles  of  rags  :  those  covered  with  a  water- 
proof coating  are  recommended.  In  some  tapes  three  or  four 
fine  wires  of  copper  are  interwoven,  and  appear  to  increase  their 
durability. 

It  is  a  matter  of  opinion  as  to  whether  the  surveyor  should  have 
two  chainmen,  or  whether  he  should  add  the  chaining  to  his  other 
duties.  The  first  system  is  recommended  as  tending  to  .economy 
in  the  long  run,  if  the  surveyor  understands  how  to  keep  his  men 
constantly  and  advantageously  employed. 
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The  m.ethod  of  using  the  chain  must  be  studied  in  some  work 
devoted  to  land-surveying ;  in  HaskolPs  surveying  there  is  a  very 
full  and  excellent  account ;  some  of  the  principal  precautions  to  be 
taken  can  only  here  be  noted.  The  leading  chainman  must  place 
the  arrow  in  the  ground  exactly  at  the  end  of  the  chain,  and  be 
careful  to  thurst  it  in  perpendicularly  ;  in  chaining  horizontally 
down  a  slope,  he  must  be  very  careful  how  he  drops  the  pointed 
plummet ;  for,  if  one  of  the  fingers  should  give  it  a  twitch  in  letting 
go,  it  may  be  thrown  some  inches  away  from  the  point  it  should 
strike.  After  the  offsets  have  been  taken,  the  leader,  in  moving 
forward,  should  give  the  chain  a  cast  to  the  right,  in  order  that  it 
may  not  be  drawn  against  the  arrow.  The  lines  chained  must  be 
perfectly  straight. 

In  chaining  down  steep  slopes  an  entire  chain's  length  cannot  be 
measured  at  once ;  but  a  portion  of  the  chain  may  be  held  hori- 
zontally, the  plummet  being  dropped  from  the  end  of  it,  then 
another  portion  of  the  chain  is  measured  from  the  point  where  the 
plummet  falls.  It  is  desirable  to  avoid  chaining  in  horizontal 
portions  up  steep  slopes,  as  the  chances  of  error  in  such  cases  are 
considerable :  it  is  sometimes  preferable  to  chain  a  line  in  two 
parts ;  for  example,  a  side  of  a  minor  triangle  extends  from  hill  top 
to  top  across  a  deep  valley,  it  may  be  advantageous  to  chain  from 
each  trigonometrical  point  to  some  centre  point,  say  on  the  right 
bank  of  the  stream,  instead  of  chaining  down  one  hill-side  and  up 
the  other. 

Chaining  by  horizontal  distances  is  the  usual  system  practised  in 
the  Ordnance  Survey,  and  it  merits  being  adopted  generally,  both 
because  it  is  found  that  it  is  attended  with  good  results  and  that 
by  it  all  reductions  and  subsequent  calculations  are  avoided ;  but 
when  this  system  is  not  adopted,  it  is  necessary  to  measure  along 
the  surface  of  the  ground,  and  observe  the  angles  of  elevation  or 
depression  :  when  the  theodolite  is  used  for  this  purpose,  the  num- 
ber of  links  to  be  deducted  from  each  chain  can  be  obtained  by 
reference  to  the  reverse  of  the  vertical  arc  where  it  is  marked  ; 
and  the  reduction  can  be  made  in  the  field  by  drawing  the  chain 
forward  the  stated  number  of  links. 

When  the  reflecting  level,  or  the  clinometer,  is  used  for  measuring 
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the  slope  roughly,  a  table  is  generally  kept  in  the  field-book  for 
reference,  showing  the  reduction  on  100  links  for  every  half-degree 
of  inclination,  from  2°  to  21°. 


Angle  of  In- 

Reduction 

Angle  of  In- 

Reduction 

Angle  of  In- 

Reduction 

clination. 

in  Links. 

clination. 

in  Links. 

clination. 

in  Links. 

0     / 

20 

0-06 

830 

1-10 

o     / 

15  0 

3-41 

230 

o-io 

9  0 

1-23 

15  30 

3-64 

3  0 

0-15 

9  30 

1-37 

16  0 

3-87 

330 

0-19 

10  0 

1-53 

16  30 

412 

40 

0-24 

1030 

1-67 

170 

4-37 

430 

0-31 

11  0 

1-84 

17  30 

4-63 

50 

0-38 

11  30 

2-01 

18  0 

4-89 

5  30 

0-46 

120 

2-19 

18  30 

517 

60 

0-55 

1230 

2-37 

19  0 

5-45 

6  30 

0-64 

130 

2-56 

19  30 

574 

7  0 

075 

13  30 

276 

20  0 

6-03 

730 

0-86 

140 

2-97 

20  30 

6-33 

8  0 

0-97 

14  30 

I 

3-19 

21  0 

6-64 

FIELD-LEVELLING  BOOK  :  ANGLES  OF  ELEVATION  AND  DE- 
PRESSION.— Previous  to  commencing  any  measurement,  the  ground 
should  be  carefully  walked  over  for  the  purpose  of  laying  out  the 
work,  and  marks  set  up  at  the  average  height  of  a  theodolite  on 
the  highest  parts  of  the  different  hills,  on  the  necks  of  the  ridges 
jutting  out  from  them,  and  at  the  level  of  lakes  and  rivers  in 
various  parts. of  their  course,  as  well  as  on  the  site  of  permanent 
objects,  such  as  churches,  &c.  These  levelling  marks  should  be 
all  numbered  and  entered  in  a  separate  book,  termed  a  field- 
levelling  book,  which  also  contains  reciprocal  angles  of  elevation 
and  depression  afterwards  taken  between  them  for  the  calculation 
of  the  horizontal  values  of  the  measured  lines  and  of  their  com- 
parative altitudes ;  these  quantities  are  subsequently  reduced  to 
their  actual  heights  above  the  level  of  the  sea.*  It  is  to  be  recol- 
lected, however,  that  the  altitudes  ascertained  in  this  manner  are 

*  Among  the  advantages  of  connecting  a  well-arranged  series  of  levels  with  the 
plan  of  any  portion  of  country,  is  that  of  rendering  it  at  once  available  to  the 
engineer  in  selecting  the  best  trial  lines  for  roads,  railroads,  or  canals.  The  system 
of  tracing  horizontal  contour  lines  at  short  vertical  intervals,  instead  of  sketching  the 
features  of  the  ground,  affords  not  only  the  means  of  deciding  upon  the  best  trial 
.lines,  but  actually  furnishes  data  for  constructing  accurate  sections  across  the  country 
,in  any  direction. 
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only  approximate,  and  are  of  no  use  where  minute  accuracy  Is 
required ;  the  only  rigidly  accurate  method  of  obtaining  the  alti- 
tude of  a  point  is  by  tracing  horizonal  lines  with  a  spirit-level  up 
to  it  from  some  point  whose  height  is  known  (see  Chapter  V.  on 
Levelling) ;  in  this  case  the  levelling  is  a  totally  independent 
operation,  quite  separate  from  the  survey,  and  may  be  performed 
even  before  the  survey  has  been  commenced. 

However,  the  comparative  heights  obtained  by  levelling  with 
the  theodolite  during  the  survey  present  so  many  moderately 
certain  points  of  reference  as  to  the  relative  command  of  the 
ground,  and  are  of  course  of  the  greatest  assistance  in  the  sub- 
sequent delineation  of  the  features  upon  the  outline  plan  in  hill- 
sketching,  &c.,  or  even  for  showing  the  general  lie  of  the  contour 
lines. 

The  following  is  the  form  kept  in  the  field-levelling  book  for 
obtaining  the  data  for  the  calculation  of  these  values  : — 


From 

To 

Horizontal 
Reading. 

Apparent  Elevation 
or  Depression. 

Remarks. 

The  third  column,  headed  "  horizontal  reading,"  is  the  reading 
of  the  vertical  arc  when  the  telescope  is  levelled,  and  is,  in  fact,  the 
index  error,  which  is  however  best  determined  by  reciprocal  angles 
of  elevation  and  depression  as  before  explained ;  and  under  the 
head  of  remarks  are  kept  horizontal  angles  to  surrounding  objects 
and  other  collateral  details.  From  the  angles  thus  observed,  and 
the  known  distances  between  the  places  of  observation,  is  made 
out  the  following  table  : — 
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FORM  OF  REGISTER  OF  HORIZONTAL  AND  VERTICAL  DISTANCES. 
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by 

A  9 

levelling. 

9,8195439 
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9,9988041 
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61,33 
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j 
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\ 
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1  37,88 
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J 

This  form  almost  explains  itself :  the  first  column  refers  to  the 
plot  or  plan  in  which  the  points  or  lines  are  contained ;  the 
second  shows  the  measured  length  of  the  line  written  between  the 
letters  marking  its  extremities  ;  the  third  gives  the  mean  elevation 
or  depression  of  the  second  object  deduced -from  the  reciprocal 
angles  in  the  levelling  field-book  after  applying  the  correction  for 
the  index  error  in  the  third  column  of  the  same  book,  and  also 
those  for  curvature  and  refraction  when  very  long  distances  render 
their  effect  sensible ;  the  fourth  column  contains  the  log.  cosine 
of  the  angle  in  the  preceding  one,  and  the  logarithm  of  the 
distance,  the  natural  number  answering  to  the  sum  of  which  is 
entered  in  the  fifth  column.  The  sixth  contains  the  logarithm  of 
66  =  9'8195439  (the  proportion  of  one  link  to  one  foot),  the  log. 
sine  of  the  angle,  and  the  log.  of  the  distance ;  and  the  number 
answering  to  the  sum  of  these  three  logarithms  gives  the  relative 
altitude  in  feet,  which  is  entered  in  the  seventh  column.  The 
eighth  column  shows  absolute  altitudes  above  low-water  mark, 
those  that  have  been  previously  determined  by  levelling  being 
entered  in  red :  the  others  are  obtained  by  the  addition  or  sub- 
traction of  the  altitudes  in  the  preceding  column. 
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FIELD-BOOK  AND  METHOD  OF  SURVEYING  IN  A  TRIANGLE.— 
When  the  sides  of  the  triangle  are  long,  or  are  to  be  traced  over  undu- 
lating ground,  it  is  necessary  to  mark  out  the  exact  alignment  with 
a  theodolite,  as  it  is  quite  impossible  to  set  it  out  accurately  with 
the  eye :  should  this  precaution  be  neglected,  the  sides  of  the 
triangles  will  probably  be  traced  crooked,  and  the  interior  lines 
will,  on  the  ground,  be  either  too  long  or  too  short. 

During  the  laying  out  of  these  sides,  points  in  them  are  selected 
and  recorded  (and  pickets  and  nails  driven  in  the  ground),  from 
whence  other  lines  are  traced  for  cutting  up  the  interior  of  the 
triangle  in  the  most  advantageous  manner  for  the  survey  of  roads, 
rivers,  hedges,  &c.,  and  also  with  a  view  to  the  determination  of  the 
natural  and  artificial  boundaries  ;  so  that,  by  means  of  the  measured 
lines  running  near  them,  the  whole  of  the  interior  content  may  be 
computed  from  the  "Content  Register"  (see  page  54),  made  out 
directly  from  the  field-book,  the  calculation  from  the  plot  or  plan 
being  afterwards  made  simply  as  a  check  upon  the  other. 

In  commencing  a  field-book,  the  first  pages  after  the  index  are 
devoted  to  the  diagrams  of  the  triangles.  These  usually  consist  of 
a  general  diagram  showing  the  principal  cutting-up  lines,  and  dia- 
grams of  a  large  size  showing  the  positions  of  all  the  lines  measured 
within  these  cutting-up  lines.  For  example,  in  Plate  1  the  triangle 
ABC  may  be  considered  as  a  general  diagram  showing  only  the 
principal  lines,  and  on  the  following  pages  in  the  field-book  would 
be  given  the  whole  of  the  lines  measured  in  the  triangles  B  I  E, 
E  I  F,  &c.,  which  cannot  be  shown  in  the  first  diagram  for  want  of 
space.  It  is  to  be  noted  that  it  is  not  necessary  to  use  the  dis- 
tinguishing letters  A,  B,  C,  excepting  when  the  survey  is  connected 
with  the  computation  of  the  contents  of  parishes,  &c. ;  in  all  other 
cases  the  lines  are  simply  distinguished  by  their  measured  length 
and  the  page  to  which  they  are  referenced. 

In  the  diagram  is  shown  only  the  length  of  each  line  written  in 
the  direction  it  was  measured,  the  distance  along  the  line  from 
which  any  other  line  may  be  chained  or  may  terminate,  and  the 
page  in  the  field-book  where  the  details  of  the  chaining  may  be 
found ;  the  length  of  the  line  is  written  over  it,  and  the  number  of 
the  page  underneath  it.  All  this  is  penned  in  with  ordinary  black 
ink  as  neatly  as  the  surveyor  is  able  to  do  it  with  a  steel  pen  and 
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rule :  the  diagrams  are  not  drawn  to  any  scale,  but  are  to  give  a 
general  idea  of  the  position  of  each  line.  When  the  field-book  is 
forwarded  to  the  head-quarter  office,  the  correct  length  of  each  of 
the  long  lines  is  computed  from  the  triangulation,  and  their  correct 
readings,  together  with  the  corrected  figures  of  the  cuttings,  are 
entered  in  red  ink  close  to  the  original  figures  :  the  book  is  then 
turned  over  to  the  plotter,  who,  from  these  diagrams  alone,  lays 
out  all  the  measured  lines,  and  has  no  occasion  to  refer  to  the 
detail  measurements  for  this  purpose. 

The  surveyor  must  recollect  that,  however  well  he  may  understand 
his  own  field-book,  it  is  of  no  avail  unless  it  is  equally  intelligible 
to  the  plotter ;  and  he  must  therefore  strictly  adhere  to  the  rule 
laid  down  for  the  particular  survey  on  which  he  may  be  employed, 
and  must  always  book  his  measurements  with  a  view  to  their  mean- 
ing being  readily  comprehended  in  the  office.  A  few  references  or 
measurements  forgotten  to  be  booked  may  cause  hours  of  extra 
work  in  the  office  and  considerable  additional  expense  in  the  re- 
admeasurement  of  lines. 

For  the  booking  of  the  measurements  of  the  sides  and  other 
lines  three  lines  are  drawn  up  the  centre  of  the  field-book,  about 
three-quarters  of  an  inch  apart,  in  order  to  allow  of  the  entry  of 
the  number  of  links  at  which  the  cuttings  take  place ;  the  narrow 
space  to  the  left  is  for  the  chained  measurements ;  that  to  the 
right  is  for  the  corrected  measurements,  which  are  entered  in  red 
ink ;  the  offsets  are  written  to  the  right  and  left  of  these  lines : 
where  lines  are  too  short  to  require  correction,  say  under  2000 
links,  the  second  space  is  omitted.  The  probable  amount  of  error 
in  chaining  is  1  in  1000  ;  but  a  greater  amount  is  often  allowed 
when  surveying  for  small  scales,  according  to  the  nature  of  the 
ground  passed  over. 

The  system  of  booking  the  measurements  or  offsets  is  shown  on 
Plate  3 ;  the  lines  drawn  round  certain  figures  denote  points  from 
which  other  lines  have  been  measured. 

Sometimes  with  short  lines  it  is  found  advantageous  to  survey 
several  lines  on  one  page  in  the  position  they  bear  to  one  another ; 
the  connection  of  hedges  is  often  rendered  much  more  apparent  to 
the  plotter  by  this  system  (see  Plate  3A).  Every  line  is  booked 
in  the  direction  it  is  run,  that  is,  from  bottom  to  top  of  page. 
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Every  surveyor  dates  his  day's  work  in  the  field-book,  and  at  some 
convenient  spot  on  each  page  collects  the  total  length  of  lines  and 
offsets  contained  in  it.  The  amount  is  carried  over  and  added  to 
that  of  the  next  page,  and  so  on,  to  the  end  of  the  day's  work  :  the 
names  of  all  the  men  employed  each  day  should  also  be  entered. 

The  field-book  should  be  kept  in  ink  in  the  field,  and  have  a 
distinctive  letter  marked  upon  it  as  a  reference  :  no  work  should 
be  entered  in  pencil,  and  all  erasures  with  a  knife  should  be  for- 
bidden ;  if  mistakes  are  made,  the  figures  should  be  crossed  out 
and  the  corrections  entered  alongside,  with  the  initials  of  the 
surveyor. 

The  average  daily  progress  of  a  good  surveyor  in  England, 
surveying  for  the  six  inch  to  a  mile  scale,  is — 

With  one  chainman. 

Close  large  village         .         .         .  about    5  acres. 

Villages  and  surrounding  fields,  &c.        .         „       14      „ 
Close     country,     gentlemen's     houses, 

demesnes,  &c „      20     „ 

Medium   country,  ordinary  fields,   and 

scattered  farms      ....         ,,30  to 32,, 
Open    moorland,   with    roads,  streams, 

boundaries,    cart-tracks,     &c.     (no 

fields) „      55      „ 

The  offsets  should  be  numerous  and  minute  in  proportion  to  the 
scale  upon  which  the  survey  is  made  ;  but  they  must  also  be 
governed  by  the  nature  of  the  work  :  thus  it  is  evident  that  it  is 
not  necessary  to  take  offsets  to  more  points  in  a  straight  line  than 
the  two  extremities,  however  long  it  may  be. 

It  is  impossible  in  a  work  of  this  nature  to  call  attention  to  all 
the  important  points  connected  with  detail  surveying,  which,  be  it 
remembered,  is  a  profession  or  calling  only  learned  thoroughly  by 
years  of  practice  ;  and  it  is  now  necessary  to  pass  on  to  the  next 
process — 

Plotting,  which  is  described  in  Chapter  VII. 

Examining. — Portions  of  the  work  as  plotted  from  the  field- 
book  are  then  transferred  to  cardboard  or  drawing-paper,  or  traced 
off  on  thin  bank-post  paper,  which  latter  has  this  advantage,  that 
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it  is  capable  of  being  folded  over  a  piece  of  Bristol  board  fitting 
into  the  portfolio,  and  from  its  large  size,  it  will  contain  on  the 
same  sheet  distant  trigonometrical  points  which  will  constantly  be 
of  use  in  the  field.  It  can  be  folded  over  the  pasteboard,  so  as  to 
expose  any  portion  that  may  be  required,  and  when  the  work  is 
drawing  near  to  the  edge  it  is  only  necessary  to  alter  its  position. 
In  moist  weather  prepared  paper,  commonly  termed  asses'  skin,  is 
the  only  thing  that  can  be  used,  as  the  rain  runs  off  it  immediately 
without  producing  any  effect  on  the  sketch. 

The  examination,  though  indispensable,  introduces  an  evil  which 
cannot  be  too  carefully  guarded  against ;  for  if  it  compels  a  dishonest 
workman  to  do  good  work,  it  at  the  same  time  may  induce  an  honest 
workman  to  become  negligent,  from  the  knowledge  that  if  he  does 
make  a  mistake  it  will  be  rectified  by  the  examiner  :  every  effort 
should  be  made  to  cause  the  surveyors  to  consider  that  their  work 
is  the  only  basis  for  the  laying  out  of  the  detail,  that  the  examiner's 
work  is  for  the  purpose  of  testing  its  accuracy,  and  not  for  correct- 
ing it ;  and  deductions  of  pay  or  fines  should  be  inflicted  on  sur- 
veyors who  have  done  bad  work,  to  compensate  for  the  time  lost  by 
the  examiner  in  rectifying  it.  The  examiner  should  have  a  chain 
and  offset  staff  with  him.  His  duties,  besides  correcting,  are  to 
show  the  nature  of  the  buildings,  whether  wood  or  stone,  &c. ;  to 
insert  the  fire-plugs,  hydrants,  cesspits,  surface  gutters,  and  other 
small  details  left  out  by  the  surveyor ;  to  show  everything  in  such 
a  manner  that  it  can  be  clearly  understood  by  the  draughtsman, 
and  to  insert  the  names  for  the  lettering  :  in  the  open  country  he 
is  often  also  a  hill  sketcher ;  but  on  extensive  surveys  many  of 
these  duties  become  distinct  specialities  performed  by  men  who 
take  them  up  as  their  constant  employment. 

Final  examination. — When  the  plan  is  penned  in  by  the 
draughtsman  and  ornamented,  it  is  taken  out  into  the  field  by  the 
superintending  officer  and  subjected  to  a  rigid  final  examination  : 
the  trial  of  the  comparison  of  the  intersection  of  lines  drawn 
through  points  over  the  ground  with  those  on  the  plan  is  a  severe 
test. 

TRAVERSING. — The  survey  of  the  roads  (though  for  the  sake  of 
saving  unnecessary  labour  it  is  as  much  connected  with  them  as 
possible)  is  sometimes  quite  independent  of  the  measured  triangles 
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connecting  churches  or  other  permanent  objects  and  the  minor 
trigonometrical  points,  which  lines  mutually  constitute  a  check 
upon  each  other.  The  term  traversing  is  generally  applied  to 
this,  and  indeed  to  all  irregular  surveying  by  the  chain  and 
theodolite.  On  starting  from  any  point  in  road  surveying,  the 
instrument  being  adjusted  and  set  to  zero,  the  telescope  is  directed 
upon  one  of  the  most  conspicuous  stations,  and  after  taking  two  or 
three  angles  to  other  fixed  points,  the  forward  angle  is  read  off  in 
the  direction  it  is  intended  to  pursue,  and  the  upper  plate  firmly 
clamped  ;  the  magnetic  bearing  of  this  meridian  should  also  be 
read  and  booked.  On  arriving  at  the  end  of  this  line  the  theo- 
dolite is  set  on  the  flag-staff  or  picket  left  at  the  back  station,  the 
plates  remaining  still  clamped  to  the  last  angle;  and  the  reading 
on  the  graduated  limb  when  the  telescope  is  pointed  to  the  next 
forward  station  is  not  the  number  of  degrees  contained  between 
these  two  lines,  but  the  angle  that  this  second  line  forms  with  the 
first  meridian,  or  the  line  upon  which  the  theodolite  was  first  set. 
The  eye  at  each  round  should  glance  at  the  magnetic  bearing, 
which  should  read  as  at  starting,  otherwise  the  plates  have  slipped, 
and  it  will  be  necessary  to  retraverse  a  portion  of  the  work.  This 
method,  now  in  general  use  among  surveyors,  saves  the  trouble 
of  shifting  the  protractor  at  every  angle  when  plotting  the  work, 
and  also  insures  greater  accuracy,  as  the  bearings  being  laid  down 
from  one  meridian,*  a  trifling  error  in  the  direction  of  one  line 
does  not  affect  the  next.  As  the  work  progresses,  of  course  other 
lines  are  selected  as  meridians  ;  and  it  should  be  an  invariable  rule 
on  beginning  and  ending  a  day's  work,  always  to  take  the  angles 
between  the  back  or  forward  stations  and  any  two  or  three  fixed 
points  that  may  be  visible. 

This  rigidly  mechanical  method  of  surveying  the  interior  evi- 
dently leaves  nothing  to  be  afterwards  filled  up  in  the  field,  except 


*  The  readiest  way  of  plotting  lines  whose  directions  have  all  reference  to  one 
meridian  is  by  the  use  of  a  circular  pasteboard  protractor,  with  the  centre  cut  out. 
A  parallel  ruler  or  angle  (if  the  angle  and  ruler  be  preferred)  is  stretched  across  its 
diameter  to  the  opposite  corresponding  angle,  the  zero  having  been  first  laid  on  the 
meridian  line  and  moved  forward  to  the  point  from  whence  the  bearing  is  to  be 
drawn.  For  surveys  on  a  very  large  scale,  however,  the  semicircular  brass  protractor, 
with  a  vernier,  is  better  adapted,  as  being  more  minutely  accurate. 
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the  features  of  the  ground,  which  is  effected  either  by  sketching  or 
by  tracing  horizontal  contour  lines  at  fixed  vertical  intervals. 

COMPUTING  CONTENTS  OF  PARISHES,  &c. — Where  the  boun- 
daries of  parishes,  townlands,  &c.,  are  to  be  ascertained  and 
shown  on  the  plan,  there  must  be  persons  procured  whose  local 
knowledge  can  be  depended  upon,  and  whose  authority  to  point 
them  out  to  the  surveyors  is  acknowledged.  The  most  accurate 
method  of  calculating  the  contents  contained  between  the  various 
boundaries  of  parishes,  estates,  &c.,*  has  been  already  stated  to  be 
from  the  data  furnished  by  the  field-book,  in  which  case  every 
measured  figure  must  be  either  a  triangle  or  a  trapezoid.  The 
diagram  and  the  content  plot  must  be  first  drawn  in  outline,  and 
used  as  references  during  the  calculation  to  prevent  errors  and  to 
assist  in  filling  up  the  content  register,  and  from  this  the  acreage 
of  the  different  portions  is  taken.  The  annexed  example  of  the 

*  The  contents  even  of  the  fields  and  other  inclosures  can  be  calculated  from  the 
field-book  ;  but  if  the  parishes  and  larger  figures  are  so  determined,  the  minute  sub- 
divisions of  the  interior  may  be  taken  from  the  plan.  On  the  Ordnance  Survey  of 
Ireland,  the  number  of  acres  in  the  different  parishes,  baronies,  &c.,  were  calculated, 
as  also  those  covered  by  water,  and  given  in  a  table  accompanying  the  "  Index  Map  *' 
of  each  county  ;  but  the  contents  of  the  fields  were  not  computed,  though  the  hedges 
and  other  inclosures  are  shown  on  the  plot.  The  contents  of  inclosures  can  be  very 
quickly  ascertained  from  the  plan,  by  drawing  lines  in  pencil  about  one  or  two  chains 
distant  across  the  paper,  both  longitudinally  and  transversely,  or  by  laying  a  piece 
of  transparent  paper,  so  ruled,  over  it ;  the  number  of  squares  in  each  field  are  then 
counted,  and  the  broken  portions  either  estimated  by  the  eye  or  reduced  to  triangles 
for  calculation.  A  very  rough  and  ready  method  of  approximately  checking  the  com- 
putation is  to  weigh  a  portion  of  paper  equal  to  the  area  of  the  part  computed,  and 
compare  it  with  the  weight  of  an  acre  (on  same  scale)  of  the  same  paper ;  for  this 
purpose  trace  or  transfer  the  outline  of  the  computed  area  to  the  paper  and  cut  out 
with  a  pair  of  scissors. 

The  "computing  scale,"  upon  a  principle  similar  to  the  pediometer  described  at 
the  end  of  this  work,  also  affords  the  means  of  ascertaining  mechanically  the  acreage 
of  inclosures  divided  into  triangles  or  trapeziums.  It  has  been  for  many  years  in  use 
at  the  Tithe  Commission  Office,  for  the  purpose  of  calculating  and  checking  the 
contents  of  plans  surveyed  under  the  Act  of  Parliament,  and  is  productive  of  a  great 
saving  of  time  and  expense.  The  principle  of  the  construction  of  the  pediometer 
depends  upon  the  following  equation,  combined  of  the  sum  and  difference  of  a  diago- 
nal of  the  trapezium  and  the  two  perpendiculars.  Let  a  represent  the  diagonal,  and 

6  the  sum  of  the  two  perpendiculars  ;  then  the  area  ±!> =&*+&?-(*<*-&?. 

Acreages  of  inclosures,  &c.,  are  now  obtained  on  the  Ordnance  Survey  by  the  Com- 
puting Scale  to  the  fa  part  of  an  acre  with  great  rapidity. 

E  2 
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field-book,  with  the  diagram  content  plot  and  content  register,  all 
deduced  from  it,  will  better  explain  the  details  of  this  system. 

In  this  specimen  of  a  field-book,  all  offsets,  except  those  having 
relation  to  the  boundary  lines  (supposed  to  be  of  townlands,  or  any 
division  of  property,  the  contents  of  which  are  to  be  calculated 
from  the  field-book),  are  purposely  omitted  to  prevent  confusion, 
the  example  being  given  solely  to  illustrate  the  method  of  calcu- 
lating these  larger  divisions.  The  rough  diagrams  are  drawn  in 
the  field-book  not  to  any  scale,  but  merely  bearing  some  sort  of 
resemblance  to  the  lines  measured  on  the  ground  for  the  purpose 
of  showing  at  any  period  of  the  work  their  directions  and  how 
they  are  to  be  connected;  and  also  of  eventually  assisting  in  laying 
down  the  diagram  and  content  plot.  On  these  rough  diagrams  are 
written  the  distinctive  letters  by  which  each  line  is  marked  in  the 
field-book,  and  also  its  length,  and  the  distances  between  points 
marked  upon  it,  from  which  other  measurements  branch  off  to 
connect  the  interior.  The  boundary  lines  are  further  distinguished 
from  those  run  merely  for  the  purpose  of  taking  offsets  to  the 
minute  subdivision  of  the  property,  &c.  (and  which,  as  before 
observed,  are  omitted  in  the  present  instance,  both  in  the  field- 
book  and  the  plot),  by  dotted  lines;  so  that  in  plotting  the  diagram 
to  a  scale,  their  difference  is  at  once  perceptible. 

The  form  of  keeping  the  field-book  is  similar  to  that  practised 
on  the  Ordnance  Survey,  reference  to  the  letters  distinguishing 
former  measurements  being  always  made,  the  letter  of  the  begin- 
ning and  ending  of  every  line  by  which  it  is  designated  in  the 
diagram,  being  also  written  at  the  top  and  bottom  of  its  represen- 
tative in  the  field-book. 

The  construction  lines  all  forming  triangles,  and  offsets  having 
reference  to  the  boundaries,  are  retained  in  the  content  plot,  and 
tend  to  prevent  mistakes  in  the  calculation. 

In  the  content  plot  and  diagrams*  the  trigonometrical  points 
A,  B,  C,  D,  are  on  an  average  rather  more  than  half  a  mile  apart, 
so  that  in  reality  the  same  number  of  divisions  of  townlands 
would  not  occur  in  the  space  comprised  within  them  ;  and,  instead 

*  It  is  now  usual  on  the  Ordnance  Survey  to  combine  the  information  contained  in 
the  "Content  Plot"  and  "  Diagram"  in  one  drawing. 
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of  letters,   they   would    be   distinguished   by   the   name   of  the 
townland  or  parish. 

The  large  letter  B  2  on  the  diagram  of  the  triangle  ABC  refers 
to  the  distinctive  mark  of  the  field-book ;  and  the  small  figures 
3,  4,  5,  &c.,  written  along  the  construction  lines,  to  the  different 
pages  of  the  same  book,  to  which  reference  can  thus  be  made  at 
any  moment. 

The  contents  only  of  the  large  divisions  are  calculated  from  the 
field-book.  Those  of  the  minute  inclosures  are  (if  required) 
obtained  by  the  computing  scale  from  the  plot,  from  which  the 
contents  of  townlands  and  parishes  are  also  computed,  for  the 
purpose  of  checking  the  previous  calculations. 

The  method  of  calculating  these  contents  by  means  of  the 
measured  triangles  and  offsets  will  be  easily  comprehended  by 
comparing  together  the  field-book,  content  plot,  and  content  register, 
for  the  triangle  CAD.  That  for  ABC,  being  on  exactly  a 
similar  principle,  has  been  omitted,  as  it  could  add  nothing  to  the 
explanation  of  the  system. 
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It  is  customary  for  land-surveyors  to  compute  their  work  from 
the  plot,  adding  up  the  contents  of  each  inclosure  for  the  general 
total,  which  is  perhaps  checked  by  the  calculation  of  two  or  three 
large  triangles  ruled  in  pencil  so  as  to  correspond  nearly  to  the 
extreme  boundaries  whose  lengths  are  taken  from  the  scale ;  but  if 
the  rigid  mode  of  computing  everything  from  the  field-book  is 
deemed  too  troublesome,  still  the  areas  of  the  large  triangles, 
'measured  on  the  ground,  should  be  calculated  from  their  dimen- 
sions taken  from  the  field-book,  and  the  contents  of  the  irregular 
boundaries  added  to  or  subtracted  from  this  amount,  which  consti- 
tutes a  far  more  accurate  check  upon  the  sum  of  the  contents  of 
the  various  inclosures  than  the  method  in  general  use.  The  cal- 
culation of  irregular  portions  outside  these  triangles  is  much  facili- 
tated by  the  well-known  method  of  reducing  irregular  polygons  to 
triangles  having  equivalent  areas. 

When  the  contents  of  fields  are  to  be  calculated  from  the  plot, 
which  is  most  rapidly  and  easily  done  by  the  computing  scale, 
the  scale  should  not  be  less  than  twenty,  and  may  be  as  much 
as  three  or  four  chains  to  one  inch.  The  former  of  these  two 
last  scales  is  that  on  which  all  plans  for  railroads  submitted  to  the 
House  of  Commons  are  required  to  be  drawn,  and  the  latter  is 
used  for  plans  of  estates,  &c. 

It  may  perhaps  be  thought  that  too  much  stress  has  been  laid 
upon  forms  in  the  above  description  of  the  details  of  an  extensive 
survey ;  but  method  is  a  most  essential  part  of  an  undertaking  of 
such  magnitude,  and  without  excellent  preliminary  arrangements 
to  insure  uniformity  in  all  the  most  trifling  details,  the  work 
never  could  go  on  creditably.  In  topographical  surveys  on  a 
smaller  scale,  where  the  boundaries  of  parishes,  &c.,  are  not  to 
be  shown,  or  the  contents  of  various  portions  to  be  calculated, 
the  same  rigid  attention  to  minutiae  is  not  requisite ;  but  before 
closing  this  branch  of  the  subject,  it  is  only  necessary,  as  a  proof 
of  the  mass  of  valuable  statistical  and  geological  information  that 
can  be  collected  during  the  progress  of  a  national  trigonome- 
trical survey,  and  which  is  quite  out  of  the  reach  of  any  indi- 
vidual, to  turn  to  the  first  volume  of  "  The  Ordnance  Survey  of 
the  County  of  Londonderry."  If  this  valuable  accompaniment 
to  the  field  operations  could  have  been  continued  throughout 
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every  county,  Ireland  would  be  possessed  of  more  available  local 
knowledge  than  is  on  record  in  any  part  of  the  world. 

The  following  brief  hints  may  be  found  useful  in  filling  in  the 
detail  of  a  survey  with  the  chain  and  theodolite. 

TRAVERSING  WITHOUT  THEODOLITE. — Irregular  inclosures  and 
roads,  even  where  triangles  cannot  be  measured,  can  still  be  sur- 
veyed by  the  chain  alone,  but  of  course  not  so  accurately  as  with 
the  aid  of  the  theodolite. 

This  method  of  "  traversing  "  is  managed  as  follows  : — Suppose 
A  B  the  first  line,  and  B  C  the  direction  in  which  the  next  is 
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required  to  be  measured,  prolong  A  B  to  E,  make  B  F  equal  to 
B  E,  and  measure  the  chord  E  F,  from  which  data  the  direction  of 
B  C  can  be  laid  down. 

SKETCHING. — To  return  to  the  second  division  of  this  subject, 
viz.,  the  filling  up  of  the  interior  partly  by  measurement  and  partly 
by  sketching,  which  is  generally  the  mode  adopted  in  the  con- 
struction of  topographical  maps. 

The  roads  with  occasional  check  lines,  are  measured  as  already 
described,  the  field-book  being  kept  in  the  same  method  as  when 
the  entire  county  is  to  be  laid  down  by  measurement,  excepting 
that  all  conspicuous  objects  some  distance  to  the  right  and  left  of 
the  lines  are  to  be  fixed  by  intersections  with  the  theodolite, 
either  from  the  extremities  of  these  lines  or  from  such  interme- 
diate points  as  appear  best  adapted  for  determining  their  posi- 
tions. These  points  when  plotted,  together  with  the  offsets*  from 

*  Mr.  Holtzapfell's  "Engine-divided  Scales,"  engraved  on  pasteboard,  will  be 
found  very  useful,  and  their  low  price  is  an  additional  recommendation.  Marquois 
scales  are  also  adapted  for  plotting  and  drawing  parallel  lines  at  measured  intervals, 
as  well  as  for  other  purposes.  The  offset  and  plotting  scales,  introduced  by  Major 
Robe  on  the  Ordnance  Survey,  are  as  convenient  as  any  that  have  been  contrived. 
The  plotting  scale  has  one  bevelled  edge  ;  and  the  scale,  whatever  it  may  be, 
engraved  on  each  side,  is  numbered  each  way  from  a  zero  line.  The  offset  scale  is 
separate,  and  slides  along  the  other,  its  zero  coinciding  with  the  line  representing  the 


60  INTERIOR   FILLING-IN 

the  field-book,  present  so  many  known  fixed  stations  between  the 
measured  lines,  and  of  course  facilitate '  the  operation  of  sketching 
the  boundaries  of  fields,  &c.,  and  also  render  the  work  more 
correct,  as  the  errors  inseparable  from  sketching  will  be  confined 
within  very  narrow  limits. 

THE  Box  SEXTANT. — The  portable  instruments  generally  used  in 
sketching  between  measured  lines  and  fixed  points  in  the  interior, 
as  well  as  in  military  sketches  made  in  the  exigency  of  the 
moment  sometimes  without  any  measurement  whatever,  are,  a 
small  4-inch,  or  box  sextant,  or  some  other  small  reflecting  instru- 
ment,* and  the  azimuth  prismatic  compass.  The  box  sextant  is,  in 
its  principle  and  adjustment,  nearly  similar  to  the  sextant  de- 
scribed among  astronomical  instruments  in  the  opening  of  Chapter 
XII.  It  is,  as  its  name  indicates,  inclosed  in  a  box,  with  a  lid 
which  is  unscrewed  when  required  for  use.  The  index,  instead  of 
moving  by  the  hand,  and  being  adjusted  when  clamped  by  the 

measured  distance  ;  the  dimensions  are  marked  on  the  bevelled  edge  of  this  short 
scale  to  the  right  and  left  of  zero,  so  that  offsets  on  either  side  of  the  line  can  be 
plotted  without  moving  the  scales  ;  and  from  the  two  being  separate,  there  is  not 
the  same  chance  of  their  being  injured,  as  in  those  contrivances  where  the  plotting 
and  offset  scales  are  united. 

*  In  using  reflecting  instruments,  avoid  very  acute  angles,  and  do  not  select  any 
object  for  observation  which  is  close,  on  account  of  the  parallax  of  the  instrument. 
The  brightest  and  best  defined  of  the  two  objects  should  be  the  reflected  one  ;  and  if 
they  form  a  very  obtuse  angle,  it  is  measured  more  correctly  by  dividing  it  into  two 
portions,  and  observing  the  angle  each  of  them  makes  with  some  intermediate  point. 
Also  if  the  objects  are  situated  in  a  plane  very  oblique  to  the  horizon,  an  approxima- 
tion to  their  horizontal  angular  distance  is  obtained  by  observing  each  of  them  with 
reference  to  some  distant  mark  considerably  to  the  right  or  left,  and  taking  the 
difference  of  these  angles  for  the  one  required. 

The  index  error  of  a  sextant  must  be  frequently  ascertained.  The  measure  of  the 
diameter  of  the  sun  is  the  most  correct  method  ;  but  for  a  box  sextant,  such  as  is 
used  for  sketching,  it  is  sufficient  to  bring  the  direct  and  reflected  image  of  any  well- 
defined  line,  such  as  the  angle  of  a  building  (not  very  near)  into  coincidence — the 
reading  of  the  graduated  line  is  then  the  index  error.  For  the  adjustment  of  the  box 
sextant,  see  Simms  on  Mathematical  Instruments.  The  less  the  glasses  are  moved 
about  the  better. 

A  telescope  with  a  wire  or  prism  micrometer  is  also  a  most  useful  instrument  in 
sketching,  as  with  it  distances  can  be  approximately  ascertained  by  observing  the 
angle  subtended  by  any  distant  object,  such  as  a  man,  &c.  If  a  measured  staff  can 
be  set  up  at  these  points,  the  distances  thus  obtained  will  of  course  be  more  accurate. 
For  a  description  of  Rochon's  micrometer,  see  page  156. 
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tangent  screw,  has  a  motion  given  to  it  by  a  rack  and  pinion  in 
the  box,  moved  by  a  milled  head.  The  dark  glasses  are  also 
within  the  box,  and  let  down  out  of  the  way  when  not  required  for 
use.  The  only  adjustment  provided  for  is  that  of  the  horizon 
glass,  which  can  be  set  perpendicular  to  the  plane  of  the  instru- 
ment, and  the  index  error  corrected  by  a  key  which  is  tapped  into 
the  box.  The  small  telescope  which  fits  into  the  case,  or  is  made 
to  slide  into  the  box,  is  not  necessary  for  very  rough  observations, 
which  can  be  made  through  an  aperture  in  the  slide  covering  the 
opening  for  the  telescope.  The  divisions  are  generally  graduated 
to  30',  and  are  read  by  the  aid  of  a  magnifying  glass,  which  revolves 
so  as  to  sweep  the  whole  of  the  arc. 

THE  PRISMATIC  AZIMUTH  COMPASS  is  chiefly  used  for  taking 
bearings  with  the  magnetic  meridian  in  sketching  ground  for  mili- 
tary purposes,  or  for  filling  in  the  interior  details  of  a  survey, 
though  it  can  be  made  available  for  observing  roughly  the  azimuth 
of  the  sun  or  a  star.  The  box  of  the  compass  is  generally  about  3 
inches  diameter,  and  the  divisions  on  the  card,  graduated  to  30 
minutes  (in  instruments  of  larger  diameter  to  15')  are  read  east- 
ward of  the  meridian  round  the  whole  circle  of  360°  by  means  of  a 
prism  (whence  its  name)  when  the  perpendicular  thread  or  wire  of 
the  sight  bisects  the  object,  which  thread  appears,  when  viewed 
through  the  prism,  to  be  prolonged  across  the  card,  marking  the 
division  to  be  read.  To  the  sight  is  attached  a  mirror,  which 
slides  up  and  down  the  frame,  and  can  be  set  to  any  angle  of 
inclination  for  the  purpose  of  reflecting  to  the  eye  of  the  observer 
the  image  of  any  object  which  is  much  above  or  below  the  hori- 
zontal plane,  and  is  indispensable  for  measuring  the  azimuth  of 
the  sun,  for  which  one  or  more  of  the  dark  glasses  attached  to  the 
prism  must  be  used.  The  vibrations  of  the  card  are  checked  by 
means  of  a  spring  under  the  sight,  and  the  card,  with  the  needle 
below  it,  is  thrown  altogether  off  the  agate  point  upon  which  the 
latter  works,  by  a  stop  at  the  side,  a  precaution  always  to  be  taken 
when  the  instrument  is  not  in  use. 

In  observing,  the  prism  should  first  be  raised  or  lowered  on  its 
slide,  to  obtain  distinct  vision  of  the  magnified  divisions  of  the 
card,  and  if  horizontal  angles  between  any  distant  objects  are 
required,  they  are  obtained  by  taking  the  difference  of  the 
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observed  bearings,  though  not  probably  within  half  a  degree.  A 
considerable  degree  of  accuracy  is  obtained  if  a  tripod  stand  is 
used  on  which  the  instrument  can  be  fixed :  this  stand  may  be 
constructed  to  fold  up  as  a  walking  stick. 

Few  prismatic  compasses  are  found  on  trial  to  give  precisely 
similar  results,  and  it  is  therefore  essential  that  an  instrument  of 
this  kind  should  be  carefully  tested  by  comparison  with  a  meridian 
line,  noting  the  difference  between  its  bearing  and  the  known 
variation,  as  an  index  error.  Any  reflecting  instrument  is  certainly 
capable  of  observing  angles  between  objects  nearly  in  the  same 
horizontal  plane  with  more  accuracy  than  the  compass  ;  and  from 
its  observations  being  instantaneous,  and  not  affected  by  the 
movement  of  the  hand,  it  is  better  adapted  for  use  on  horseback, 
but  it  is  not  so  generally  useful  in  filling  up  between  roads,  or  in 
sketching  the  course  of  a  ravine  or  stream,  or  any  continuous  line, 
as  the  prismatic  compass.  In  all  cases  where  the  compass  is  used 
to  assist  in  filling  in  the  interior  (and  it  should  never  be  trusted 
in  any  more  important  part  of  the  worti),  it  becomes  of  course 
necessary  to  ascertain  its  variation  by  one  of  the  methods  which 
will  be  hereafter  explained.  Independent  of  the  annual  change  in 
its  deviation,  the  horizontal  needle  is  subject  to  a  small  daily 
variation,  which  is  greatest  in  summer,  and  least  in  winter,  vary- 
ing from  15'  to  7'.  Its  maximum  on  any  day  is  attained  to  the 
eastward  about  7  A.M.,  from  which  time  it  continues  moving  west 
till  between  2  and  3  P.M.,  when  it  returns  again  towards  the  east  ;* 
but  this  oscillation  is  too  small  to  be  appreciable,  as  the  prismatic 
compass  used  in  the  field  cannot  be  read  to  within  one-half,  or  at 
the  nearest  one-quarter,  of  a  degree  of  the  truth. 

The  surveyor  when  first  using  the  compass  must  not  forget  the 
consequences  of  being  near  any  large  masses  of  iron  :  on  this 
account,  a  gate-post,  though  otherwise  convenient,  is  not  a  de- 
sirable point  from  which  to  observe  with  it,  on  account  of  the  iron- 
work about.  For  the  same  reason,  coloured  glasses,  which  may 
have  to  be  used  during  the  day  in  hot  climates,  should  not  have 
steel  rims. 

The  facilities  for  obtaining  the  position  of  a  point  from  observa- 

*  See  Colonel  Beaufoy's  experiments  on  the  variation  of  the  needle.  Also  the 
article  Observatory  (Magnetical),  Aide  Memoir  e. 
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tion  to  other  points,  are  much  greater  with  a  compass  than  with 
a  sextant ;  with  the  former  it  is  only  necessary  to  observe  two 
points,  if  they  form  a  well-conditioned  triangle  with  the  point  of 
observation,  and  no  calculations  are  required. 

PROTRACTING  BEARINGS. — Whichever  of  these  instruments  is 
preferred,  of  course  a  scale  of  chains,  yards,  or  paces,  and  also  a 
protractor,  are  required  for  laying  off  lineal  and  angular  distances 
in  the  field. 


A  very  convenient  method  of  using  the  latter  for  protracting 
bearings  observed  with  the  azimuth  compass,  is  to  have  lines  en- 
graved transversely  across  the  face  of  the  protractor  at  about  a 
quarter  of  an  inch  apart.  The  paper  upon  which  the  sketch  is  to 
be  made  must  also  be  ruled  faintly  across  in  pencil  at  short  un- 
equal distances,  at  right  angles  to  the  meridian,  with  which  lines 
one  or  more  of  those  on  the  protractor  can  be  made  to  correspond 
by  merely  turning  it  round  on  its  zero  as  a  pivot,  this  point  being 
kept  in  coincidence  with  the  station  from  whence  the  bearing  is  to 
be  drawn.  The  bevelled  edge  of  the  protractor  is  thus  evidently 
parallel  to  the  meridian,  and  the  observed  bearing  being  marked 
and  ruled  from  this  point  is  the  angle  made  by  the  object  with 
the  meridian. 

For  instance,  the  bearing  of  a  distant  object  upon  which  it  is 
required  to  place,  was  observed  from  D  to  be  30°.  The  protractor 
in  the  sketch  is  shown  in  the  proper  position  for  laying  off  this 
angle,  and  the  dotted  line  D  E  is  the  direction  required. 

In  fixing  the  position  of  any  point  with  the  compass,  by  bear- 
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ings  taken  from  that  point  to  two  or  three  surrounding  stations 
whose  places  are  marked  on  the  paper,  the  zero  of  the  protractor 
is  made  to  coincide  with  one  of  these  stations,  and  its  position 
being  adjusted  by  means  of  the  lines  ruled  across  its  face  and  on 
the  paper,  the  observed  angle  is  protracted  from  this  station,  and 
produced  through  it.  The  same  operation  being  repeated  at  the 
other  points,  the  intersection  of  these  lines  gives  the  required 
place  of  observation. 

Instead  of  the  above  system  of  ruling  east  and  west  lines  across 
the  paper,  lines  may  be  drawn  parallel  to  the  meridian  for  adjust- 
/  ing  the  place  of  the  protractor.      Thus,  sup- 
pose from  the  point  D  any  observed  bearing, 
say  40°,  is  to  be  laid  down.     By  placing  the 
zero  C  of  the  protractor  on   any  convenient 
meridian,  and  turning  it  upon  this  point  as 
a  pivot  until  the  required  angle  of  40°  at  E 
coincides  also  with  the  same  meridian  N  S, 
it  is  only  necessary  to  move  the  protractor, 
held  in  this  position,  slightly  up  and  down 
upon   this    line,    until    its    bevelled    edge 
touches  the  point  D ;  D  F  is  then  at  once 
drawn  in  the  required  direction.     The  dis- 
tances may  also  be  set  off  from  a  scale  gra- 
duated on  the  edge  of  the  protractor,  by  merely  moving  it  along 
this  line,  D  F,  until  some  defined  division  corresponds  with  the 
station  D. 

THE  PLANE  TABLE  is  perhaps  theoretically  the  best  contrivance 
for  sketching  in  the  interior  detail  of  a  survey  with  accuracy,  but 
it  is  not  much  in  favour  in  this  country,  where  its  use  is  now 
almost  universally  superseded  by  the  portfolio  and  compass. 
During  the  last  few  years  several  modifications  and  improvements 
on  the  original  instrument  have  been  tried,  but  they  do  not 
appear  to  have  been  adopted  to  any  extent.  One  grave  defect  in 
practice  is  that  it  does  not  record  the  number  of  degrees  of  any 
angle,  and  consequently  should  any  error  have  crept  in  at  a  point 
from  which  a  round  of  angles  has  been  taken,  it  is  difficult  to 
adjust  them  without  causing  confusion.  The  booking  of  the 
observed  angles  in  sketching  should  never  be  neglected,  as  it 
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enables  the  work  at  a  future  period  to  be  replotted  in  case  of 
error.  The  little  reflecting  semicircle,  invented  by  Sir  Howard 
Douglas,  is  so  far  an  improvement  on  the  sextant  that  it  protracts 
the  angles  it  observes  by  means  of  a  contrivance  by  which  the 
reflected  angle  is  doubled  instrumentally,  and  the  angle  is  pro- 
tracted upon  the  paper  by  means  of  a  bevelled  projection  of  the 
radius.  Other  varieties  of  small  reflecting  instruments  have  also 
been  contrived  for  the  same  purpose. 

The  process  of  sketching  between  the  fixed  points  plotted  on 
the  paper  is  similar  to  surveying  with  the  chain  and  theodolite,  as 
far  as  the  natural  and  artificial  boundaries  are  concerned  ;  the  dis- 
tances being  obtained  by  pacing ;  the  offsets  (if  small)  by  estima- 
tion ;  and  the  bearings  of  the  lines  by  the  compass  or  sextant* 
Everything  is  however  here  drawn  at  once  upon  the  paper, 
instead  of  being  entered  in  a  field-book.  The  features  of  the 
ground  are  sketched  at  the  same  time  as  the  boundaries  and  other 
details ;  and  this  part  of  the  operation,  being  less  mechanical  than 
the  preceding,  requires  far  more  practice  before  anything  like 
facility  of  execution  can  be  acquired ;  it  is,  however,  more  particu- 
larly connected  with  the  subject  of  Chapter  X.,  where  the 
different  methods  of  delineating  ground  in  the  field  will  be  ex- 
plained. 

OBSTACLES. — The  following  are  the  best  practical  methods  of 
passing  obstacles  met  with  in  surveying,  and  of  determining  dis- 
tances which  do  not  admit  of  measurement  by  means  adapted  for 
use  in  the  field,  most  of  them  requiring  no  trigonometrical  calcula- 
tion. Some  of  these  problems  are  solved  without  the  assistance  of 
any  instrument  for  observing  angles  ;  but  as  a  general  rule  (subject 
of  course  to  some  few  exceptions),  it  is  always  better  to  make  use 
of  the  theodolite,  sextant,  or  other  portable  instrument,  than  to 
endeavour  by  any  circuitous  process  to  manage  without  angular 
measurement. 

*  A  straight  walking-stick  will  be  found  very  useful  in  sketching,  not  only  for  the 
purpose  of  getting  in  line  between  two  objects,  which  is  easily  done  by  laying  the 
stick  on  the  ground,  in  the  direction  of  one  of  them,  and  observing  by  looking  from 
the  other  end  to  which  side  of  the  opposite  station  it  cuts,  but  also  for  prolonging  a 
line  directed  on  any  known  point  to  the  rear.  A  bush  or  any  other  mark,  observed 
in  the  line  of  the  stick,  answers  as  well  as  another  known  point  for  pacing  on. 

r 
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The  measurement  of  the  line  A  D,  supposed  to  be  run  for  the 
determination  of  a  boundary,  is  stopped  at  B  by  a  river  or  other 
obstacle. 

The  point  F  is  taken  up  in  the  line  at  about  the  estimated 
breadth  of  the  obstacle  from  B  :  and  a  mark  set  up  at  E  at  right 
angles  to  A  D  from  the  point  B,  and  about  the  same  distance  as 
B  F.  The  theodolite  being  adjusted  at  E,  the  angle  B  E  C  is 
made  equal  to  B  E  F,  and  a  mark  put  up  at  C  in  the  line  A  D  ; 
B  C  is  then  evidently  equal  to  the  measured  distance  F  B. 


P.     C' 


If  the  required  termination  of  the  line  should  be  at  any  point 
C',  its  distance  from  B  can  be  determined  by  merely  reversing  the 
order  of  the  operation,  and  making  the  angle  B  E  F'  equal  to 
B  E  C',  the  distance  B  F'  being  subsequently  measured.  There  is 
no  occasion  in  either  case  to  read  the  angles.  The  instrument 
being  levelled  and  clamped  at  zero  or  any  other  marked  division 
of  the  limb,  is  set  on  B ;  the  upper  plate  is  then  undamped,  and 
the  telescope  pointed  at  F,  when  being  again  clamped,  it  is  a 
second  time  made  to  bisect  B  ;  releasing  the  plate,  the  telescope 
is  moved  towards  D  till  the  vernier  indicates  zero,  or  whatever 
number  of  degrees  it  was  first  adjusted  to,  and  the  mark  at  C 
has  then  only  to  be  placed  in  the  line  A  D,  and  bisected  by  the 
intersection  of  the  cross  wires  of  the  telescope. 

If  it  is  impossible  to  measure  a  right  angle  at  B  owing  to  some 
local  obstruction,  lay  off  any  convenient  angle  ABE,  and  set  up 
the  theodolite  at  E. 

Make  the  angle  BEG  equal  to  one-half  of  A  B  E,  and  a  mark 
being  set  up  at  C  in  the  prolongation  of  A  B,  B  C  is  evidently 
equal  to  B  E,  which  must  be  measured,  and  which  may  at  the 


OF   SURVEY. 


67 


same  time  be  made  subservient  to  the  purpose  of  delineating  the 
boundary  of  the  river. 


The  usual  way 
of  avoiding  an  ob- 
stacle of  only  a 
chain  or  two  in  length,  such  as  a  house  or  barn,  is  by  turning  off 
to  the  right  or  left  at  right  angles  till  it  is  passed,  and  then 
returning  in  the  same  manner  to 
the  original  line.  But  perhaps  a 
more  convenient  method  is  to 
measure  on  a  line  making  an 
angle  of  60°  with  the  original 
direction,  a  distance  sufficient  to 
clear  the  obstacle,  and  to  return  to  the  line  at  the  same  angle, 
making  C  D  =  B  C  ;  the  distance  B  D  is  then  equal  to  either  of 
these  measured  lines. 

The  distance  from  B  on  the  line  Ao,  to  the  trigonometrical 
point  o,  which  is  inaccessible,  is  determined  in  the  manner  ex- 
plained in  the  first  method  in  the 
last  page ;  the  point  C  is  taken  at 
right  angles  to  B  A  from  the  point 
B,  and  the  angle  BCD  made  equal 
to  o  C  B,  B  D  is  then  equivalent  to 
the  distance  B  o  required.  The 
same  object  is  attained  by  laying  down  the  plan  of  the  building 
and  these  angles  on  a  large  scale,  and  taking  the  distance  B  o  from 
the  plot. 

To  find  the  point  of  intersection  of  two  lines  meeting  in  a  lake 
or  river,  and  the  distance  D  B  to  the  point  of  meeting : — From 
any  point  F  on  the  line  A  X  draw  F  D,  and  from  any  other  point 

F  2 
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E  draw  E  D,  produce  both  these  lines  to  H  and  G,  making  the 
prolongations  either  equal  to  the  lines  themselves,  or  any  aliquot 
part  of  their  length,  suppose  one-half;  join  H  G,  and  produce  it 


to  O,  where  it  meets  the  line  C  B,  then  0  H  is  one-half  of  E  B, 
and  0  D  equal  to  half  of  D  B  ;  which  results  give  the  point  of 
intersection  B,  and  the  distance  to  it  from  D. 

To  find  the  distance  to  any  inaccessible  point,  on  the  other  side 
of  a  river  for  instance,  without  the   use   of  any  instrument  to 

A 


measure  angles. — (This  and  the  two  following  are  taken  from  the 
"  Aide  Mtfrnoire")  A  is  any  inaccessible  point  the  distance  of 
which  from  B  is  required :  produce  A  B  to  any  point  D ;  draw 
D  d  in  any  direction  bisected  in  C ;  join  B  C  and  produce  it  to  6, 
C  b  being  made  equal  to  B  C ;  join  d  b  and  produce  it  to  a,  the 
intersection  of  the  prolongation  of  A  C,  then 

ab  =  AB        )  n 

j      7       A  ^  f  The  proof  is  evident, 
and  a  d  =  A  D  \ 
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Another  method — 
Prolong  A  B  to  any  point 
D,  making  B  C  equal  to 
C  D;  lay  off  the  same  dis- 
tances in  any  direction  DC 
=  c  b;  mark  the  intersec- 
tion E  of  the  lines  joining 
B  c  and  C  b;  mark  also  F 
the  intersection  of  D  E 
produced  and  of  A  b;  pro- 
duce D  b,  and  B  F,  till  they 
meet  in  a,  and 

a&=AB  ) 

ac=AC  > 


To  measure  the  distance  be- 
tween A  and  B,  both  being  in- 
accessible : — From  any  point  C 
draw  any  line  C  c  bisected  in  D ; 
take  any  point  E  in  the  pro- 
longation of  A  C,  and  join  E  D, 
producing  the  line  to  D  e = E  D ; 
in  like  manner  take  any  point  F 
in  the  prolongation  of  B  C,  and 
make  D/=F  D. 

ProUuce  A  D  and  e  c  till  they 
meet  in  a,  and  also  B  D  and  fc 
till  they  meet  in  b ;  then  a  b  = 
AB. 

Again,  if  A  B  cannot  be  mea- 
sured, but  the  points  A  and  B 
are  accessible,  their  distances 
from  any  point  0  are  deter- 
mined ;  and  by  producing  these 
lines  any  aliquot  part  of  their 
length,  as  O  P,  0  Q,  the  dis- 
tance P  Q  will  bear  the  same 
proportion  to  A  B. 


A.-' 
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A  right  angle*  can  often  be  laid  off  when  no  means  of  measur- 
ing other  divisions  of  the  circle  are  at  hand.  The  distance  A  B 
can  then  be  thus  obtained  : — 

B  C  and  D  E  are  both  perpendicular  to  A  D,  and  the  points  E 
and  C  are  marked  in  a  line  with  A ;  then 

A  T.      BIX     BG 

A  -0— (DE-BC)' 

The  small  triangle  C  d  E  being  similar  to  A  B  C. 


Of  course  with  a  sextant,  or  other  means  of  observing  the  angle 
A  C  B,  A  B  becomes  simply  the  tangent  of  that  angle  to  the  radius 
B  C  :  a  table  of  natural  sines  and  tangents  engraved  on  the  lid  of 
the  box-sextant,  or  on  any  portable  reflecting  instrument  is  often 
of  great  service,  particularly  in  sketching  ground  without  any 
previous  triangulation,  and  in  obtaining  the  distance  to  an 
enemy's  batteries,  &c.,  on  a  military  reconnaissance.  The  height 

*  A  perpendicular  can  be  thus  laid  off  with  the  chain  :  suppose  a  the  point  at 
which  it  is  required  to  erect  a  right  angle  :  fix  an  arrow  into  the  ground  at  a, 
through  the  ring  of  the  chain,  marking  twenty  links  ;  measure  forty  links  on  the 
line  a  b,  and  pin  down  the  end  of  the  chain  firmly  at  that  spot,  then  draw  eut  the 
remaining  eighty  links  as  far  as  the  chain  will  stretch,  holding  by  the  centre  fifty- 
link  brass  ring  as  at  c;  the  sides  of  the  triangle  are  then  in  the  proportion  of  three, 
four,  and  five,  and  consequently  cab  must  be  a  right  angle. 


An  angle  equal  to  any  other  angle  can  also  be  marked  on  the  ground,  with  the 
chain  only,  by  measuring  equal  distances  on  the  sides  containing  it,  and  then  taking 
the  length  of  the  chord :  the  same  distances,  or  aliquot  parts  thereof,  will  of  course 
measure  the  same  angle 
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of  a  point  on  an  inaccessible  hill  may  also  be  obtained  without  the 
use  of  instruments,  thus  : — 


Drive  a  picket  3  or  4  feet  long  at  H,  and  another  at  L,  where 
the  top  of  a  long  rod  F  D  is  in  a  line  with  the  object  S  from  the 
point  A  (the  heads  of  these  pickets  being  on  the  same  level)  ;  mark 
also  the  point  C,  where  the  head  of  the  rod  is  in  the  same  line 
with  S,  from  the  top  of  any  other  picket  B,  and  measure  A  F  and 
B  C ;  lay  off  the  distance  B  C  from  F  to  b,  and  the  two  triangles 
A  D  b  and  A  S  B  are  evidently  similar,  as  are  also  A  F  D  and  APS, 

whence  ||=^=|i  and  ^=^=|J._PS  the  height   there- 
fore = D  F.     ^~  ;  and  A  P  the  distance = A  F.     — . 

A  few  other  methods  of  ascertaining  distances  and  heights  more 
particularly  connected  with  military  reconnaissances,  will  be  found 
in  chapter  IX. 

The  method  of  surveying  any  tract  of  country  through  which  a 
line  of  railway  is  projected  or  has  been  determined  upon,  is  so 
similar  to  that  of  measuring  roads  or  other  continuous  lines  by 
"  traversing "  with  the  chain  and  theodolite,  that  it  does  not  re- 
quire any  peculiar  directions.  The  lines,  however,  being  generally 
veiy  long,  must  be  measured  with  the  greatest  exactness,  and  the 
angles  be  observed  with  proportionate  care.  Where  practicable, 
also,  the  work  should  whilst  in  progress  be  tested  by  reference  to 
known  fixed  points  near  which  it  passes,  which  can  in  most  cases 
be  obtained  from  good  maps.  The  existing  Standing  Orders  of 
Parliament  regulate  the  scale  upon  which  these  surveys  are 
required  to  be  plotted  in  England ;  and  the  lateral  deviation 
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allowed  from  the  proposed  line  of  rails,  with  other  local  causes, 
determine  the  breadth  required  to  be  embraced  in  the  survey. 

For  the  methods  of  laying  out  the  lines  of  railways,  the  levels 
of  the  different  portions,  and  determining  the  curves,  gradients, 
and  slopes  of  embankments  and  cuttings,  &c.,  every  information 
can  be  obtained  from  the  works  of  Mr.  Hascoll  and  many  others ; 
and  it  would  be  out  of  place  here  to  attempt  any  description  of 
subjects  which  belong  to  a  most  important  branch  of  civil  en- 
gineering, and  embrace  such  a  multitude  of  details.  A  few 
remarks,  however,  upon  the  method  of  taking  sections  for  railways, 
and  the  scales  upon  which  they  should  be  plotted,  will  be  found 
in  the  chapter  upon  Levelling. 


The  following  are  the  conventional  signs  most  generally  in  use 
in  topographical  plan-drawing  :  the  boundary  lines  are  those  em- 
ployed in  the  Ordnance  Survey ;  a  similar  arrangement  could  of 
course  be  adopted  to  mark  the  divisions  of  any  other  country, 
however  they  may  be  designated. 

__J^-:^Z- Smithies.      A  small    horse-shoe  with    the  open  side  turned 

towards  the  road. 

Q. Limekiln. 

Turnpike  roads.     The  side  from  the  light  shaded. 
Cross  roads.     Narrower,  and  both  sides  alike. 

Railroads.     Both  sides  dark,  very  narrow,  and  perfectly  parallel. 

Canals.  Distinguished  from  roads  by  the  parallelism  of  the 
sides,  the  locks,  and  bridges,  and  by  having  the  side  next 
the  light  shaded  like  rivers.  Canals  and  navigable  rivers  to 
be  coloured  blue. 

Windmills. 
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Bleaching  Grounds.  Thin  lines  of  the  same  len«i-th( 
nearly  Parallel   the  whole  colored  Green. 
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BOUNDARIES. 
Counties. 

Baronies. 
Parishes. 
Towiilands. 
,  Counties  and  Baronies. 

Counties  and  Parishes. 
Counties  and  Townlands. 
Baronies  and  Parishes. 
Baronies  and  Townlands. 
Parishes  and  Townlands. 
Counties,  Baronies,  and  Parishes. 
Counties,  Parishes,  and  Townlands. 
Counties,  Baronies,  and  Townlands. 
Baronies,  Parishes,  and  Townlands. 
Counties,  Baronies,  Parishes,  and  Townlands. 


CHAPTER  V. 

LEVELLING  AND   CONTOURING. 

THE  method  of  ascertaining  the  difference  of  level  between 
stations  on  a  trigonometrical  survey  by  means  of  reciprocal  angles 
of  elevation  and  depression  has  already  been  alluded  to  in  the 
fourth  chapter,  and  detailed  sections  of  ground  can  be  taken  in 
the  same  manner,  though  not  so  conveniently  or  accurately  as  with 
a  spirit  level.  It  is  however  necessary  before  entering  upon  this 
subject  to  explain  more  fully  the  two  corrections  that  must  be 
applied  to  all  vertical  angles  when  used  for  the  purpose  of  obtain- 
ing relative  altitudes  between  stations  a  considerable  distance 
apart  which  were  referred  to  in  the  chapter  upon  Triangulation. 
If  they  are  only  separated  by  a  few  hundred  yards,  the  corrections 
are  too  trifling  to  have  any  appreciable  effect  upon  the  result. 

Considering  the  earth  as  a  sphere,  any  number  of  points  upon 
its  surface  equidistant  from  its  centre  are  on  the  same  true  level; 
but  the  apparent  level  (and  of  course  the  apparent  altitude  or 
depression)  is  vitiated  by  these  two  causes  of  error,  curvature  and 
terrestrial  refraction ;  the  correction  for  the  first  of  which  depends 
upon  the  "  arc  of  distance,"  which  is  that  contained  between  the 
twTo  stations  and  the  centre  of  the  earth ;  and  the  second  upon  their 
comparative  elevations  above  the  horizon. 

CORRECTION  FOR  CURVATURE. — The  effect  of  the  curvature  of 
the  earth  is  to  depress  any  object  below  the  spectator's  sensible 
horizon.  Every  horizontal  line  is  evidently  a  tangent  to  the  sur- 
face of  the  globe  at  that  spot ;  and  the  difference  between  the 
apparent  and  true  level  at  any  distant  point  B  (putting  the  effect 
of  refraction  for  the  present  out  of  the  question)  will  be  seen  by 
reference  to  the  accompanying  figure,  to  be  the  excess  (B  D)  of  the 
secant  of  the  arc  A  D,  above  the  radius  C  D. 
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Putting  a  for  the  arc  A  D,  t  for  the  tangent  A  B  (the  horizontal 
line,  or  line  of  apparent  level),  r  for  the  radius  A  C,  or  D  C  ;  and 
x  for  the  excess  of  the  secant  B  C  B  t  A 

above  the  radius  or  the  difference 
between  the  true  and  apparent 
level.  Then  (r  +  x)*  =  r*  +  f. 
Whence  x  (2r  -f  x)  =  f  ;  and 
owing  to  the  small  proportion 
that  any  distance  measured  on  the 
surface  must  bear  to  the  earth's 
radius,  2r  may  be  substituted  for  (2  r  -f  #),  and  the  arc  a  for  the 

tangent  t;  2  rx  then  becomes  =  a/2,  and  x=.  ^—  which,  assuming 

the  mean  diameter  of  the  earth  at  7916  miles,  gives  x  —  8'004 
inches  or  '667  of  a  foot  for  one  mile  ;  which  quantity  increases  as 
the  square  of  the  distance.  Or  otherwise, 

2  T  +  x  :  t  :  :  t  :  x, 
or  2  r  :  a  :  :  a  :  x,  x  being  omitted  in  the  expression  (2  r  -f  x)t  and 

a  substituted  for  t;  whence  x  =  £-  as  before. 

«  r-> 

A  very  easily  remembered  formula  derived  from  the  above  for 
the  correction  for  curvature  in  feet,  is  two-thirds  of  the  square  of 
the  distance  in  'miles-,  and  another  for  the  same  in  inches,  is  the 
square  of  the  distance  in  chains  divided  by  800.* 

CORRECTION  FOR  REFRACTION. — The  second  correction,  terres- 
trial refraction,  on  the  contrary,  has  the  effect  of  elevating  the 
apparent  place  of  any  object  above  its  real  place,  and  consequently 
above  the  sensible  horizon.  The  rays  of  light  bent  from  their 
rectilinear  direction  in  passing  from  a  rare  into  a  denser  medium, 


*  The  amount  of  the  correction  for  curvature  at  different  distances  will  be  found 
by  reference  to  the  tables,  and  further  remarks  on  Atmospheric  Refraction  in  the 
chapter  on  the  Definitions  of  Practical  Astronomy. 
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or  the  reverse,  are  said  to  be  refracted;  and  this  causes  an  object 
to  be  seen  in  the  direction  of  the  tangent  to  the  last  curve  at  which 
the  bent  ray  enters  the  eye. 

A"  is  any  station  on  the  surface  of  the  earth,  the  sensible 
horizon  of  which  is  A  B  ;  C  and  D  are  two  stations  on  the 
summits  of  hills,  of  which  C  is  supposed  in  reality  to  be  situated 
on  the  horizontal  line  A  B,  and  D  above  it,  the  angle  of  elevation 
of  which  is  B  A  S.  Owing  however  to  the  effects  produced  on 
the  rays  from  these  objects  in  their  passage  to  the  eye,  by  the 
atmosphere  through  which  they  pass,  they  are  seen  in  the  direc- 
tions A  s  and  A  6,  tangents  to  the  curve  described  by  the  rays, 
and  B  A  6,  and  S  A  s,  are  the  measures  of  the  respective  terrestrial 
refractions. 

Above  eight  or  ten  degrees  of  altitude,  the  rate  at  which  the 
effects  of  refraction  decrease  as  the  altitudes  increase  (varying 
with  the  temperature  and  density  of  the  atmosphere),  is  so  well 
ascertained  that  the  refraction  of  the  heavenly  bodies  for  any 
altitude  may  be  obtained  with  minute  accuracy  from  any  of  the 
numerous  tables  compiled  for  the  purpose  of  facilitating  the 
reduction  of  astronomical  observations ;  but  when  near  the 
horizon,  the  refraction,  then  termed  terrestrial  refraction,  is  so 
unequally  influenced  by  the  variable  state  of  the  atmosphere  that 
no  dependence  can  be  placed  upon  the  accuracy  of  any  tabulated 
quantities.*  The  rays  are  sometimes  affected  laterally,  and  they 
have  been  even  seen  convex  instead  of  concave.  Periods  for 
observing  angles  of  depression  and  elevation,  particularly  if  the 
distances  between  the  stations  are  long,  should  therefore  be 
selected  when  this  extraordinary  refraction  is  least  remarkable  : 
morning  and  evening  are  the  most  favourable  ;  and  the  heat  of  the 
day  after  moist  weather,  when  there  is  a  continued  evaporation 
going  on,  is  the  least  so. 

Is  is  a  common  custom  to  estimate  the  effects  of  refraction  at 
some  mean  quantity,  either  in  terms  of  the  curvature,  or  of  the 
arc  of  distance.  The  general  average  in  the  former  case  is  -J-  of 
the  curvature,  making  the  correction  in  feet  for  curvature  and 
refraction  combined  =  -f  D2,  D  being  the  distance  in  miles  as 

*  Puissant,  "  G«Sodesie, "  vol.  i.  p.  342;  and  "Recherches  sur  les  Refractions 
Extraordinaires,  par  Biot."  Also,  the  "Trigonometrical  Survey,"  vol.  i.  p.  352. 
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before.  In  the  latter  the  proportion  varies  considerably ;  *  and 
General  Roy,  in  the  operations  of  the  trigonometrical  survey, 
assumed  it  at  -fo,  and  sometimes  at  —V,  in  cases  where  it  had  not 
been  ascertained  by  actual  observation  of  reciprocal  angles  of  ele- 
vation or  depression,  by  the  following  simple  method. •[•  These 
angles  should,  to  insure  accuracy,  be  observed  simultaneously,  the 
state  of  the  barometer  and  thermometer  being  always  noted  : — 

In  the  accompanying  figure  C  represents  the  centre  of  the  earth, 
A  and  B  the  true  places'  of  two  stations  above  the  surface  S  S; 
A  D,  B  0  are  horizontal  lines  at  right 
angles  to  the  radii  A  C,  B  C;  a  and  b 
are  also  the  apparent  places  of  A  and  B. 

In  the  quadrilateral  A  E  B  C,  the 
angles  at  A  and  B  are  right  angles, 
therefore  the  sum  of  the  angles  at  E 
and  C  are  equal  to  two  right  angles  ; 
and  also  equal  to  the  three  angles,  A, 
E,  and  B,  of  the  triangle  AEB; 
taking  away  the  angle  E  common  to 
both,  the  angle  C,  or  the  arc  S  S,  re- 
mains =  E  A  B  +  E  B  A ;  or,  in  other 
words,  the  sum  of  the  reciprocal  depres- 
sions beloiv  the  horizontal  lines  AD, 
BO,  represented  by  EA'B  +  EBA, 
would  be  equal  to  the  contained  arc  if  there  were  NO  REFRACTION. 
But  a  and  b  being  the  apparent  places  of  the  objects  A  and  B,  the 
observed  angle  of  depression  will  be  D  A  6,  O  B  a  ;  therefore  their 
sum,  taken  from  the  angle  C  I  (the  contained  arc  of  distance),  will 
leave  the  angles  b  A  B,  a  B  A,  the  sum  of  the  two  refractions ; 
hence,  supposing  half  that  sum  to  be  the  true  refraction,  we  have 
the  following  rule  when  the  objects  are  reciprocally  depressed : 
— Subtract  the  sum  of  the  two  depressions  from  the  contained  arc, 
and  half  the  remainder  is  the  mean  refraction. 

*  Carr's  "Synopsis  of  Practical  Philosophy,"  articles  'Levelling'  and  'Refraction.' 
t  "Trigonometrical  Survey,"  vol.  i.  p.  175.    See  also,  on  the  subject  of  refraction , 

Woodhouse's  "Trigonometry,"  p.  202. 

$  One  degree  of  the  earth's  circumference   is,    at   a  mean   valuation,   equal  to 

365,110  feet,  or  6915  miles     and  one  second  =  101 '42  feet. 
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If  one  of  the  points  B,  instead  of  being  depressed,  be  elevated 
suppose  to  the  point  g,  the  angle  of  elevation  being  g  A  D,  then 
the  sum  of  the  two  angles,  e  A  B  and  e  B  A,  will  be  greater  than 
E  A  B+E  B  A  (the  angle  C,  or  the  contained  arc)  by  the  angle  of 
elevation,  e  A  D  ;  but  if  from  e  A  B-j-e  B  A,  we  take  the  depression 
0  B  a,  there  will  remain  e  A  B+o,  B  A,  the  sum  of  the  two  re- 
fractions; the  rule  for  the  mean  refraction  then  in  this  case  is, 
subtract  the  depression  from  the  sum  of  the  contained  arc  and 
the  elevation,  and  half  the  remainder  is  the  mean  refraction* 

The  refraction  thus  found  must  be  subtracted  from  the  angle  of 
elevation  as  a  correction,  each  observation  being  previously  reduced 
if  necessary  to  the  axis  of  the  instrument,  as  in  the  following 
example  taken  from  the  Trigonometrical  Survey : — At  the  station 
on  Allington  Knoll,  known  to  be  329  feet  above  low  water*)-,  the 
top  of  the  staff  on  Tenterden  steeple  appeared  depressed  by  ob- 
servation 3'  51",  and  the  top  of  the  staff  was  31  feet  higher  than 
the  axis  of  the  instrument  when  it  was  at  that  station.  The  dis- 
tance between  the  stations  was  61,777  feet,  at  which  31  feet  sub- 
tended an  angle  of  ID'H},  which,  added  to  3'  51",  gives  4'  1"'4  for 
the  depression  of  the  axis  of  the  instrument,  instead  of  the  top  of 
the  staff.  On  Tenterden  steeple,  the  ground  at  Allington  Knoll 

*  The  formula  given  in  the  "  Synopsis  of  Practical  Philosophy"  is  identical  with 
this  rule  : — 

Refraction=— — ~ ;  E  being  the  apparent  elevation  of  any  height ;  D  the 

apparent  reciprocal  angle  of  depression ;  and  A  the  angle  subtended  at  the  earth's 
centre  by  the  distance  between  the  stations. 

t  A  difference  of  opinion  exists  as  to  the  zero  from  which  all  altitudes  should  be 
numbered.  What  is  termed  "  Trinity  datum  "  is  a  mark  at  the  average  height  of 
high  water  at  spring  tides,  fixed  by  the  Trinity  Board,  a  very  little  above  low-water 
mark  at  Sheerness.  A  Trinity  high- water  mark  is  also  established  by  the  Board  at 
the  entrance  of  the  London  Docks,  the  low-water  mark  being  about  18  feet  below 
this.  Again,  some  engineers  reckon  from  low-water  spring  tides  ;  and  as  the  rise  of 
tide  is  much  affected  by  local  circumstances,  this  latter  must,  in  harbour,  and  up 
such  rivers  as  the  Severn,  where  the  tide  rises  to  an  enormous  height,  be  nearer  to 
the  general  level  of  the  sea.  One  rule  given  for  obtaining  the  mean  level  of  the  sea, 
by  reckoning  from  low-water  mark,  is  to  allow  one-third  of  the  rise  of  the  tide  at  the 
place  of  observation.  The  datum-level  referred  to  in  all  the  maps  of  the  Ordnance 
Survey  of  Great  Britain  is  that  of  the  level  mean  tide  at  Liverpool. 

$  At  206,265  feet  distant,  1  foot  subtends  1";  or  at  1  mile  it  subtends  39" '06 
nearly. 
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was  depressed  3'  35" ;  but  the  axis  of  the  instrument,  when  at 
this  station,  was  5  "5  feet  above  the  ground,  which  height  subtends 
an  angle  of  18"'4  :  this,  taken  from  3'  35",  leaves  3'  16"'6  for  the 
depression  of  the  axis  of  the  instrument. 

Contained  arc  61,777  feet= 10'     6"  nearly. 

Sum  of  depression,  4'  1"'4  +3'  16"'6 7    18 


Mean  refraction 


which  in  this  example  is  nearly  \  of  the  contained  arc. 

This,  added  to  the  depression  at  Allington  Knoll,  3'  16"'6,  gives 
4'  40" '6  for  the  angle  corrected  for  refraction  ;  which,  being  22"-4 
less  than  5'  3",  half  the  contained  arc,  the  place  of  the  axis  of  the 
instrument  at  Allington  Knoll  is  evidently  above  that  at  the  other 
station  by  67  feet,  the  amount  which  this  angle  22"'4  subtends. 
This,  taken  from  329,  leaves  322'3  feet  for  its  height  when  on 
Tenterden  steeple,  corrected  both  for  refraction  and  curvature. 
The  result  would  have  been  the  same  if  these  corrections  had 
been  applied  separately,  as  before  described. 

Correction  for  curvature. 
D  =  61,777  feet =117  miles,  log.  1-0681859 


136-89  =  2-1363718 

2      


3)27378 

Curvature=     91'26 

Angle  of  depression,  corrected  for  refraction 
Sine        4'  40"«6    =    log.  7*1336617 
61,777  feet  47908268 


84-405  1-9244885 


Then+91-26 
-84-405 


6-855  feet. 
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By  employing  the  observation  from  Tenterden  steeple,  and 
estimating  the  refraction  at  $  of  the  curvature,  or  using  the  ex- 
pression 4  D2  for  both  corrections,  the  difference  of  level  between 
these  stations  would  appear  about  12  feet  greater;  which  shows 
how  necessary  it  is,  when  accuracy  is  required,  to  ascertain  the 
refraction  at  the  time  by  reciprocal  angles  of  depression  or  eleva- 
tion.- In  another  example  (page  178,  vol.  i.  "Trigonometrical 
Survey  "),  where  the  depression  was  observed  to  the  horizon  of  the 
sea,  the  dip  of  the  horizon*  is  calculated  from  the  radius  of  cur- 
vature, and  the  known  length  of  a  degree.  The  difference  between 
this  calculated  depression  and  that  actually  observed  is,  of  course, 
due  to  refraction. 

FOUR  METHODS  OF  LEVELLING. — To  return  to  the  subject  of 
the  different  methods  of  taking  sections  of  ground,  either — 

1.  By  angles  of  elevation  and  depression  with  the  theodolite  ;  or 
by  the  draining  or  mining  level. 

2.  By  the  spirit,  or  water-level ;   or  the  theodolite  used  as  a 
spirit-level ;  or  by  the  French  or  Elliott's  reflecting  level. 

3.  By  the  old  method  of  a  mason's  level  and  boning-rods. 

4.  The  relative  altitude  of  hills,  or  their  heights  above  the  level 
of  the  sea,  or  other  datum,  can  also  be  ascertained  by  a  mercurial 
mountain    barometer ;    the   Aneroid ;    Bourdon's   more    recently 
invented  metallic  barometer ;  or  approximately  by  the  temperature 
at  which  water  is  found  to  boil  at  the  different  stations  whose 
altitudes  are  sought. 

LEVELLING  FOR  SECTIONS  BY  ANGLES  OF  ELEVATION  AND 
DEPRESSION  with  the  theodolite  is  thus  performed  f  : — The  instru- 
ment is  set  up  at  one  extremity  of  the  line,  previously  marked  out 
by  pickets  at  every  change  of  the  general  inclination  of  the  ground, 
and  a  levelling-staff  with  the  vane  set  to  the  exact  height  of  the 


*  The  dip  of  the  horizon  would  be  equal  to  the  contained  arc,  when  seen  from 
objects  on  the  spherical  surface  if  there  were  no  refraction,  which  is  therefore  equal 
to  the  difference  between  the  depression  and  the  contained  arc. 

t  In  taking  sections  across  very  broken  irregular  ground  intersected  by  ravines, 
this  system  of  operation  is  recommended,  as  being  much  more  easy  and  rapid  than 
tracing  a  series  of  short  horizontal  datum  lines  with  the  spirit  level.  Where,  how- 
ever, this  latter  instrument  can  be  used  with  tolerable  facility,  it  should  always  be 
preferred. 


LEVELLING.  81 

optical  axis  of  the  telescope  being  sent  to  the  first  of  these  marks, 
its  angle  of  depression  or  elevation  is  taken ;  by  way  of  insuring 
accuracy,  the  instrument  and  staff  are  then  made  to  change  places, 
and  the  vertical  arc  being  clamped  to  the  mean  of  the  two  read- 
ings, the  cross  wires  are  again  made  to  bisect  the  vane.  The 
distances  may  either  be  chained  before  the  angles  are  observed, 
marks  being  left  at  every  irregularity  on  the  surface  where  the 
levelling-staff  is  required  to  be  placed,  or  both  operations  may  be 
performed  at  the  same  time,  the  vane  on  the  staff  being  raised  or 
lowered  till  it  is  bisected  by  the  wires  of  the  telescope,  and  the 
height  on  the  staff  noted  at  each  place. 

The  accompanying  sketch  explains  this  method  : — A  and  B  are 
the  places  of  the  instrument  and  of  the  first  station  on  the  line 


where  a  mark  equal  to  the  height  of  the  instrument  is  set  up  ; 
between  these  points  the  intermediate  positions,  a,  b,  c,  d,  &c.,  for 
putting  up  the  levelling-staff,  are  determined  by  the  irregularities 
of  the  ground.  The  angle  of  depression  from  A  to  B  is  observed, 
and  if  great  accuracy  is  required  the  mean  of  this  and  the 
reciprocal  angle  of  elevation  from  B  to  A  is  taken,  and  the  vertical 
arc  being  clamped  to  this  angle,  the  telescope  is  again  made  to 
bisect  the  vane  at  B.  On  arriving  at  B,  after  reading  the  height 
of  the  vane  at  a,  6,  c,  &c.,  and  measuring  the  distances  A  a,  &c., 
the  instrument  must  be  brought  forward,  and  the  angle  of 
elevation  taken  to  C ;  the  same  process  being  repeated  to  obtain 
the  outline  of  the  ground  between  B  and  C.  In  laying  the  section 
down  upon  paper,  a  horizontal  line  being  drawn,  the  angles  of 
elevation  and  depression  can  be  protracted,  and  the  distances  laid 
down  on  these  lines ;  the  respective  height  of  the  vane  on  each 
staff  being  then  laid  off  from  these  points  in  a  vertical  direction 
will  give  the  points  a,  b,  c,  &c.,  marking  the  outline  of  the  ground. 
A  more  correct  way  of  course  is  to  calculate  the  difference  of  level 
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between  the  stations,  which  is  the  sine  of  the  angle  of  depression 
or  elevation  to  the  hypothenusal  distance  A  B  considered  as 
radius,  allowing  in  long  distances  for  curvature  and  refraction, 
which  may  be  ascertained  sufficiently  near  by  reference  to  the 
tables. 

The  distances,  instead  of  being  measured  with  the  chain,  may, 
if  only  required  approximately,  be  ascertained  by  means  of  a 
micrometer,  attached  to  the  eye-piece  of  the  telescope. 

Instead  of  only  taking  the  single  angle  of  depression  to  the 
distant  station  B,  and  noting  the  heights  of  the  vane  at  the  inter- 
mediate stations,  a,  6,  c,  &c.,  angles  may  be  taken  to  marks  the 
same  height  as  the  instrument  set  up  at  each  of  these  intermediate 
points,  which  will  equally  afford  data  for  laying  down  the  section  ; 
but  the  former  method  is  certainly  preferable. 

The  details  may  be  kept  in  the  form  of  a  field-book;*  but  for 
this  species  of  levelling,  the  measured  distances  and  vertical 
heights  can  be  written  without  confusion  on  a  diagram,  leaving 
the  corrections  for  refraction  and  curvature  (when  necessary)  to  be 
applied  when  the  section  is  plotted.  The  draining  and  mining 
level  and  Elliott's  reflecting  level  are  also  used  in  the  same 
manner  as  the  theodolite  for  taking  sections. 

CROSS  AND  TRIAL  SECTIONS. — Where  a  number  of  cross  sec- 
tions are  required,  the  theodolite  is  particularly  useful,  as  so  many 
can  be  taken  without  moving  the  instrument.  It  is  also  well 
adapted  for  trial  sections,  where  minute  accuracy  is  not  looked  for, 
but  where  economy  both  of  time  and  money  is  an  object. 

CHECK  LEVELS. — The  theodolite  is  likewise  used  in  running 
check  levels  to  test  the  general  accuracy  of  those  taken  in  detail 
with  a  spirit  level.  Reciprocal  angles  of  elevation  and  depression, 
taken  between  bench  marks f  whose  distances  from  each  other  are 
known,  afford  a  proof  of  the  general  accuracy  of  the  work ;  and  if 

*  BrufTs  "  Engineer  Field  Work,"  page  122. 

f  Marks  on  stumps  of  trees,  mile  or  boundary  stones,  &c.,  or  any  convenient  per- 
manent object  on  which  the  staff  is  placed  to  obtain  the  comparative  level  of  these 
intermediate  points  of  reference.  They  are  useful  either  for  the  subsequent  laying 
out  of  the  detail  of  work,  or  for  comparison  in  running  check  or  trial  sections. 
Bench  marks  should  be  conspicuously  marked  and  clearly  described  in  the  field-book, 
that  no  doubt  may  arise  as  to  their  identity. 
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these  points  of  reference  are  proved  to  be  correct,  it  may  safely  be 
inferred  that  the  intermediate  work  is  so  likewise. 

THE  SPIRIT  LEVEL. — Instead,  however,  of  observing  reciprocal 
angles  of  elevation  and  depression  between  marks  at  measured 
distances,  levelling  for  sections,  where  minute  accuracy  is  required, 
is  always  performed  with  a  spirit  level  or  some  instrument  capable 
of  tracing  horizontal  lines.  The  different  instruments  used  for 
the  purpose,  and  their  adjustments,  will  be  first  described,  and  the 
most  approved  methods  of  using  them,  and  keeping  the  field-book, 
as  well  as  plotting  the  detail  on  paper,  will  be  afterwards  ex- 
plained. 

Y  LEVEL. — The  species  of  level  formerly  in  general  use,  termed 
the  Y  level,  owes  its  name  to  the  supports  upon  which  the  telescope 
rests.  This  instrument,  as  well  as  Mr.  Troughton's  improved  level, 
and  the  dumpy  level  introduced  by  Mr.  Gravatt,  are  described  at 
length  in  Mr.  Simms'  "Treatise  on  Mathematical  Instruments." 
These  instruments  have  in  late  years  been  very  much  improved  ; 
the  most  perfect  form  now  in  use  being  the  improved  Dumpy 
Level,  resting  on  Ys,  and  named  the  improved  Dumpy  Y  Level : 
it  appears  to  unite  in  itself  all  the  good  qualities  of  the  others, 
retaining  few  of  their  imperfections. 

The  adjustments  for  the  old  Y  level  are  here  given  because  they 
embrace  those  of  all  the  improved  levels :  in  these  latter  levels 
some  of  the  adjustments  are  made  by  the  maker,  and  depend 
upon  the  solidity  and  correctness  of  construction  of  the  instruments. 

PARALLAX  AND  COLLIMATION. — The  first  adjustment  in  the  Y 
level  is  for  the  line  of  collimation ;*  the  method  is  the  same  as 
that  described  in  page  26  for  the  theodolite,  half  the  error  being 
corrected  by  the  screws  acting  upon  the  diaphragm  containing  the 
cross  hairs. 

The  second  adjustment  to  cause  the  spirit  level  attached  to  the 
telescope  to  be  parallel  to  line  of  collimation  is  also  similar  to  that 

*  Before  adjusting  the  focus  of  the  object-glass,  that  of  the  eye-piece  should  be 
always  attended  to,  both  in  the  spirit  level  and  theodolite  ;  it  should  be  drawn  out 
till  the  cross  wires  are  clearly  defined,  and  there  is  no  instrumental  parallax  ;  so  that 
on  fixing  their  intersection  on  some  distant  object  there  may  be  no  displacement  of 
the  contact  on  moving  the  eye  sideways  to  the  right  or  left.  Parallax  is  caused  when 
the  image  of  the  object  falls  beyond  or  short  of  the  cross  wires. 

G  2 
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for  the  theodolite.  After  the  air-bubble  has  been  brought  into 
the  centre  by  the  plate-screws,  the  telescope  is  reversed  in  the 
supports,  and  if  it  has  moved  to  either  end  of  the  level,  it  is 
brought  back  to  its  central  position,  one  half  by  the  screw  at  one 
end  of  the  level,  and  the  other  half  by  the  plate-screws,  there 
being  no  vertical  motion  as  in  the  theodolite.  This  correction 
will  probably  require  two  or  three  repetitions. 

The  third  adjustment  is  for  the  purpose  of  bringing  the  Y 
supports  exactly  on  the  same  level  when  the  previous  corrections 
have  been  made,  so  that  the  optical  axis  of  the  telescope  may 
always  revolve  at  right  angles  to  the  vertical  axis  of  the.  instru- 
ment. This  is  effected  by  first  levelling  the  telescope  when 
placed  over  two  opposite  screws,  and  then  turning  it  round  so  that 
the  eye-piece  and 'the  object-glass  may  change  places.  If  in  this 
reversed  position  the  bubble  is  no  longer  in  the  centre,  it  must  be 
adjusted,  one  half  being  done  by  turning  the  capstan-headed  screw 
placed  directly  below  one  of  the  Ys,  which  is  thereby  raised  or 
lowered  in  its  socket,  and  the  other  half  by  the  plate-screws. 
This  operation  must  be  repeated  with  the  other  pair  of  plate- 
screws. 

In  TROUGHTON'S  INSTRUMENT,  the  spirit  level,  being  fixed  to 
the  telescope,  has  no  separate  means  of  adjustment,  and  the  line  of 
collimation  must  therefore  be  determined  by  its  assistance.  The 
telescope  also,  being  bedded  in  a  sort  of  frame,  cannot  be  reversed 
end  for  end  ;  the  level  is  first  adjusted  by  correcting  half  the 
error  when  turned  round,  by .  the  screws  which  act  upon  the 
supports,  and  half  by  the  plate-screws  ;  the  line  of  collimation  is 
then  made  to  agree  with  the  corrected  level  by  noting  the  height 
of  the  intersection  of  the  cross  wires  on  a  staff  about  200  or  300 
yards  distant.  The  instrument  and  the  staff  are  then  made  to 
change  places,  and  if  the  difference  of  level  remains  the  same,  the 
optical  axis  is  already  correct ;  if  not,  half  the  difference  of  the 
results  must  be  applied  to  the  observed  height  of  the  vane  on  the 
staff,  and  the  cross  wires  adjusted  to  this  height  by  means  of  the 
screws  of  the  diaphragm  at  the  eye-piece  of  the  telescope. 

A  pool  of  water  furnishes  another  easy  mode  of  adjusting  the 
line  of  collimation.  A  mark  being  set  up  at  any  convenient 
distance  of  exactly  the  same  height  above  the  surface  of  the  water 
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as  the  instrument  adjusted  for  observation,  the  cross  wires  have 
only  to  be  made  to  intersect  each  other  at  this  point.  This,  if  cor- 
rectly performed,  is  the  most  perfect  system  of  correcting  the  line 
of  collimation  for  practical  purposes,  although  when  done  the  line  of 
collimation  is  not  parallel  to  the  level. 

The  adjustments  of  Mr.  Gravatt's  level  are  nearly  similar ;  and 
will  be  found  described  by  himself,  in  Mr.  Simms'  little  work, 
already  quoted.*  The  term  "  dumpy "  arises  from  the  shape  of 
this  description  of  level,  which  has  an  object-glass  of  large  aper- 
ture and  short  focal  length,  affording  the  advantages  of  a  large 
instrument  without  the  inconvenience  of  its  length. 

The  description  of  the  improved  levels  is  to  be  found  in  Weale's 
Series,  Surveying  Instruments,  to  which  reference  should  be  made 
for  information  regarding  their  adjustments,  &c. 

THE  FKENCH  WATER  LEVEL  is  much  used  on  the  Continent 
in  taking  sections  for  military  purposes.  It  possesses  the  great 
advantage  of  never  requiring  any  adjustment,  and  does  not  cost 
one-twentieth  part  of  the  price  of  a  spirit  level.  From  having  no 
telescope,  it  is  impossible  to  take  long  sights  with  this  instrument, 
and  it  is  not  of  course  susceptible  of  very  minute  accuracy  ;  but, 
on  the  other  hand,  no  gross  errors  can  creep  into  the  section,  as 
may  be  the  case  with  a  badly-adjusted  spirit-level  or  theodolite, 
the  horizontal  line  being  adjusted  by  nature  without  the  inter- 
vention of  any  mechanical  contrivance.  This  species  of  level  has 
now  come  into  use  in  Eng- 
land ;  the  following  descrip- 
tion  is  given,  which,  with 
the  assistance  of  the  sketch, 
will  enable  any  person  to 
construct  one  for  himself 
without  further  aid  than 
that  of  common  workmen, 
to  be  found  in  every  vil- 
lage, f 

*  Also  in  page  137  of  Mr.  Bruffs  "Engineering  Field  Work." 
t  The  instrument  from  which  the  sketch  was  made  was  constructed  for  me  by 
an  ironmonger  in  Chatham ;  I  have  tried  it  against  a  very  good  spirit-level,  and 
found  the  results  perfectly  satisfactory.     This  water-level  is  now  constantly  used  on 
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a  b  is  a  hollow  tube  of  brass  about  half  an  inch  in  diameter,  and 
about  three  feet  long,  c  and  d  are  short  pieces  of  brass  tube  of 
larger  diameter,  into  which  the  long  tube  is  soldered,  and  are  for 
the  purpose  of  receiving  the  two  small  bottles  e  and  /,  the  ends 
of  which,  after  the  bottoms  have  been  cut  off  by  tying  a  piece  of 
string  round  them  when  heated,  are  fixed  in  their  positions  with 
putty  or  white  lead, — the  projecting  short  axis  g  works  (in  the 
instrument  from  which  the  sketch  was  taken)  in  a  hollow  brass 
cylinder  h,  which  forms  the  top  of  a  stand  used  for  observing  with 
a  repeating  circle  ;  but  it  may  be  made  in  a  variety  of  ways  so  as 
to  revolve  on  any  light  portable  stand.  The  tube,  when  required 
for  use,  is  filled  with  water  (coloured  with  lake  or  indigo),  till  it 
nearly  reaches  to  the  necks  of  the  bottles.  In  the  level  generally 
in  use  the  bottles  are  corked  for  the  convenience  of  carriage,  and 
have  to  be  drawn  very  carefully,  when  the  tube  is  nearly  level,  or 
the  water  will  be  ejected  with  violence.  An  improvement  on  this 
level  was  carried  out  in  running  the  interpolated  contours  for  the 
survey  of  Gibraltar,  in  1863,  by  which  this  inconvenience  was 
obviated  and  much  time  and  trouble  saved.  The  necks  of  the 
bottles  e  and  /  were  connected  together  by  a  piece  of  zinc  or  brass 
tube  of  small  diameter,  parallel  to  a  b,  so  as  to  complete  the 
circuit.  Thus  the  water  could  run  freely  round  through  tubes  and 
bottles.  On  setting  the  stand  tolerably  level  by  the  eye,  the 
surface  of  the  water  in  the  bottles  being  necessarily  on  the  same 
level,  gives  a  horizontal  line  in  whatever  direction  the  tube  is 
turned,  by  which  the  vane  of  the  contouring  staff  is  adjusted.  A 
slide  could  easily  be  attached  to  the  outside  of  c  and  d,  by  which 
the  intersection  of  two  cross  wires  could  be  made  to  coincide  with 
the  surface  of  the  water  in  each  of  the  bottles ;  or  floats,  with 
cross  hairs  made  to  rest  on  the  surface  of  the  fluid  in  each  bottle, 
the  accuracy  of  their  intersection  being  proved  by  changing  the 
floats  from  one  bottle  to  the  other  :  either  of  these  contrivances 
would  render  the  instrument  more  accurate  as  to  the  determina- 
tion of  the  horizontal  line  of  sight ;  though  one  of  its  great  merits, 


the  Ordnance  Survey  for  interpolating  horizontal  contours  at  vertical  intervals  of 
25  feet  between  the  more  correct  contours  traced  at  greater  distances  apart  by  the 
spirit-level. 
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quickness  of  execution,  would  be  impaired  by  the  first,  and  its 
simplicity  affected  by  either  of  them.  For  detailed  sections  on 
rough  ground  where  the  staff  is  set  up  at  short  distances  apart,  it 
is  well  qualified  to  supersede  the  spirit-level,  and  is  particularly 
adapted  to  tracing  contour  lines :  which  operation  will  be 
described  in  its  proper  place. 

REFLECTING  LEVELS. — A  ready  instrument  used  for  levelling  is 
the  French  "  Reflecting  Level,"  invented  by  Colonel  Burel ;  a  des- 
cription of  which  is  given  in  the  second  volume  of  "  Professional 
Papers  of  the  Royal  Engineers ; "  and  the  "  Pocket  Reflecting  Level," 
described  in  volume  seven  of  same  Papers. 

The  principle  upon  which  the  former  instrument  acts  is  implied 
by  its  name.  In  a  plane  mirror  the  rays  are  reflected  as  though 
they  diverged  from  a  point  behind  the  mirror,  situated  at  precisely 
the  same  distance  in  rear  of  its  surface,  as  the  object  itself  is  in 
front.  If  the  mirror  be  vertical,  the  eye  and  its  image  are  on  the 
same  horizontal  line;  and  any  object  coinciding  with  these  is 
necessarily  on  the  same  level.  It  appears  then  only  requisite  to 
ensure  the  verticality  of  a  small  piece  of  common  looking-glass  set 
in  a  frame  of  wood  or  metal,  to  be  able  without  further  assistance 
to  trace  contour  lines  in  every  direction,  or  to  take  a  section  on 
any  given  line.  The  mirror  A  B,  described  in  the  paper  alluded 
to,  is  only  one  inch  square,  fixed  against  a  vertical  plate  of  metal 
weighing  about  1  lb.,  and  suspended  from  a  ring  m,  by  a  twisted 
wire  n,  so  that  it  may  hang  freely,  but  not  turn  round  on  its  axis 
of  suspension.  It  can  either  be  used  for  sketching  in  the  field, 
being  held  by  this  ring  at  arm's  length  ;  or  fixed  for  greater  accu- 
racy in  a  frame  which  fits  upon  the  top  of  the  legs  of  a  theodolite, 
with  a  bar  of  metal  like  a  bent  lever  pressing  so  slightly  against  it 
from  below,  that  it  may  check  any  tendency  to  oscillation,  and  at 
the  same  time  not  prevent  the  mirror  from  adjusting  itself  verti- 
cally by  its  own  weight.  The  accompanying  sketch  will  render 
this  description  more  intelligible. 

The  required  verticality  of  the  plane  of  the  mirror  is  thus  ascer- 
tained :  a  level  spot  of  ground  is  chosen,  where  it  is  suspended  in 
its  frame  (or  any  temporary  stand)  40  or  50  yards  from  a 
wall,  and  the  prolongation  of  the  line  of  sight  from  the  eye  to 
its  image,  coinciding  with  a  fine  silk  thread  across  the  centre  of 
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the   mirror,   is   marked   on   the   wall    which   is   visible    through 
a  small   opening  p,   in  the   metal  frame.      The  mirror  is   then 

turned  round,  and  the  observer,  placed 
between  it  and  the  wall,  with  his  back 
to  the  latter,  notes  the  spot  where  the 
image  of  his  eye  coincides  with  the 
reflected  wall  above  or  below  the  for- 
mer mark.  The  mean  distance  be- 
tween these  two  points  is  assumed  and 
marked,  and  by  turning  the  screw  r, 
the  centre  of  gravity  of  the  mirror 
is  altered  until  the  image  of  the  eye 
coinciding  as  before  with  the  silk 

thread  agrees  also  with  this  central  mark  on  the  wall.  It 
would  perhaps  be  a  better  plan  to  send  an  assistant  some  dis- 
tance behind  the  mirror  with  a  levelling-staff  the  vane  of  which 
could  be  raised  or  lowered  to  coincide  with  the  line  of  sight ;  on 
reversing  the  mirror  (the  staff  remaining  stationary)  the  vane  would 
be  again  moved,  until  its  reflected  zero  mark  is  cut  by  the  thread 
on  a  level  with  the  image  of  the  eye,  and  finally,  the  mirror 
adjusted  by  the  screw  to  the  mean  between  these  two  heights ; 
this  method  admits  apparently  of  greater  nicety  than  a  chalk  mark 
on  a  rough  wall. 

ELLIOTT'S  POCKET  REFLECTING  LEVEL  possesses  all  the  advan- 
tages of  the  instrument  just  described,  it  can  be  carried  in  the 
waistcoat-pocket,  and  requiring  no  adjustment,  it  can  be  used  at 
any  moment. 

It  is  not  in  any  respect  similar  to  that  just  described  beyond 
possessing  a  reflector. 

It  consists  of  a  brass  tube  A  B  six  inches  long  and  three  quarters 
of  an  inch  in  diameter,  the  eye  end  being  closed  and  perforated 
with  a  small  central  hole.  The  spirit-level  is  placed  over  a  slit 
made  in  the  tube,  so  that  the  bubble  may  be  reflected  from  a 
mirror  within  the  tube;  it  is  cased  in  brass  open  at  top  and 
bottom. 

The  inclined  semi-elliptical  mirror  is  made  to  fill  the  tube  on  one 
side,  so  that  its  edge  appears  as  a  vertical  line  in  the  tube.  A  fine 
wire  is  stretched  across  the  end  of  the  tube  horizontally,  at  right 
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angles  to  the  edge  of  the  mirror ;  half  the  image  of  the  bubble  is 

seen  in  the  reflector,  and  when  it  is 

bisected  by  the  wire,  the  optical  axis  A 

is  horizontal,  and  any  object  cut  by 

the  wire  is  on  the  same  level  as  the  eye  of  the  observer. 

These  reflecting  levels  are  now  generally  known  in  this  country ; 
and  for  many  purposes  they  are  superior  to  any  other  description 
of  instrument,  particularly  for  tracing  contour  lines  on  the  ground 
in  a  military  sketch.  They  are  peculiarly  simple  in  their  construc- 
tion, easily  managed,  easily  adjusted,  not  liable  to  have  this  adjust- 
ment deranged,  or  to  be  injured  by  a  fall. 

A  MASON'S  LEVEL  AND  BONING-RODS  also  answer  very  well  for 
taking  sections  where  no  better  instruments  are  at  hand,  and  are 
used  as  described  below.  "When  this  level  has  a  spirit-level  at- 
tached (instead  of  a  plumb-bob),  as  is  very  generally  the  case  now, 
a  considerable  degree  of  accuracy  may  be  obtained,  comparatively 
speaking :  that  is  to  say,  a  line  of  one  thousand  feet,  with  slopes  of 
not  more  than  one  in  six,  may  be  levelled  over  with  only  an  error 
from  end  to  end  of  about  two  inches,  or  even  less. 

A  horizontal  line  is  obtained  by  driving  two  pickets  (1  and  2) 
into  the  ground,  and  applying  a  large  mason's  level  to  their  heads 
which  should  be  previously  cut  square.  The  pickets  2  and  3, 
3  and  4,  &c.,  can  be  levelled  in  the  same  manner,  as  far  as  may  be 
necessary  to  obtain  a  correct  horizontal  line  for  a  short  distance ; 
but  if  any  considerable 
length  is  required,  two 
boning  -  rods,  of  about 
three  feet  long,  with  a 
cross  piece  at  the  top, 
are  placed  on  the  heads 
of  any  two  of  the  pickets  already  levelled,  and  the  vane  of  a  staff 
raised  or  depressed  at  any  required  point,  till  it  is  on  a  level  with 
the  tops  of  the  boning-rods.  The  reading  of  the  staff  will  give 
the  respective  depths  below  the  level  of  the  heads  of  the  rods,  the 
heights  of  which  must  be  subtracted.  Boning-rods  are  chiefly 
used  in  laying  out  slopes  in  military  works,  and  for  setting  up 
profiles  to  direct  working  parties.  A  slope  of  5  to  1,  for  instance, 
is  laid  out  by  measuring  5  feet  from  a  towards  b,  and  driving  the 
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head  of  the  picket  at  the  end  nearest  6,  one  foot  lower  than  that 

at  a ;  the  heads  of  boning-rods, 
of  equal  height  placed  on  the 
tops  of  these  pickets,  are  evi- 
dently on  a  slope  of  5  to  1. 
THE  LEVELLING  STAFF.— The  staff  here  described  is  for  use 
with  the  spirit-level,  in  an  extensive  survey  or  in  levelling  for 
drainage,  roads,  &c.,  where  extreme  accuracy  is  required.  When 
sections  are  obtained  by  angles  of  elevation  and  depression  or  the 
reflecting  level,  any  staff  can  be  substituted  suitable  to  the  powers 
of  accuracy  of  the  instrument  used. 

The  staff  was  formerly  constructed  with  a  sliding  vane  to  move 
up  and  down ;  the  motion  being  effected  by  a  string  or  pulley. 
Mr.  Gravatt  afterwards  introduced  a  staff  about  16  feet  long,  formed 


of  three  joints  fitting  one  .into  the  other  like  a  fishing-rod,  divided 
off  into  feet  and  decimals  :  one  objection  to  this  form  of  staff  is 
that  the  inner  and  upper  joint  is  too  narrow  for  showing  the  feet 
and  decimals  sufficiently  clear  to  be  easily  read  at  a  distance. 

The  simplest  form  of  staff  is  a  piece  of  well-seasoned  deal  \\"  by 
2i"and  12'  6"  long;  strips  of  oak  or  mahogany  2"  wide  and  J  in.  thick 
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are  glued  and  screwed  to  each  side,  giving  a  double-faced  staff  on 
which  to  lay  the  levelling  papers  ;  the  projection  of  the  oak 
beyond  the  deal  preventing  the  papers  being  rubbed  off  or  injured. 
The  engraved  papers  graduated  to  feet,  lOths  and  lOOths,  are  care- 
fully soaked  and  pasted  on  the  two  faces  of  the  staff,  and  stretched 
or  coaxed  until  all  the  divisions  lie  in  exactly  the  right  position, 
and  to  ensure  this  a  beam  compass  is  used  not  only  to  lay  off  the 
whole  length,  but  also  to  regulate  the  position  of  each  sub-division: 
when  dry  the  paper  is  varnished  to  keep  it  clean  and  render  it 
impervious  to  moisture. 

The  zero  of  the  staff  need  not  necessarily  be  at  the  foot,  but  is 
usually  from  3  to  18  in.  from  bottom,  and  on  one  side  it  should  be 
at  a  different  height  to  what  it  is  on  the  other,  so  as  to  afford  a 
check  in  levelling. 

It  is  convenient  to  lay  off  a  second  staff  at  the  same  time  exactly 
similar  to  the  first,  so  that  the  two  may  be  used  together  as  one  in 
levelling,  the  level  and  back  levelling  staff  can  then  be  on  the 
move  at  the  same  time,  and  the  work  done  quicker,  with  no  loss 
of  accuracy. 

On  each  end  of  the  staff  is  an  iron  shoe  fixed  with  a  projection 
of  about  y  diameter  and  one  inch  length,  which  when  resting  on 
a  hard  flat  surface  will  enable  the  staff  to  be  faced  round  for  the 
second  reading  without  a  chance  of  its  height  being  altered.  By 
reversing  the  staff  in  levelling  a  double  check  is  obtained  on  the 
work,  but  there  is  by  it  afforded  the  opportunity  for  an  error 
creeping  in  on  rough  ground  by  the  difficulty  of  fixing  the  point  of 
the  staff  on  exactly  the  same  spot  as  it  rested  on  during  the  first 
two  readings. 

The  correct  reading  of  the  staff,  a  matter  of  so  much  importance, 
will  be  found  at  first  to  be  attended  with  some  difficulty :  if  too 
near  the  observer  the  number  indicating  the  feet  may  not  be  in  the 
field  of  the  telescope ;  if  too  far  off,  the  lOOths  of  feet  may,  though 
clearly  visible,  be  mistaken  one  for  the  other. 

The  ordinary  method  of  division  is  to  have  a  portion  of  the 
centre  of  the  paper  marked  with  every  alternate  or  even  100th 
in  black  :  the  tenth  hundredth,  being  carried  across  the  paper  to  the 
extreme  left,  marks  with  its  upper  edge  the  tenth  of  a  foot.  All 
the  odd  tenths  have  on  their  right  hand  sides  the  figures  corre- 
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spending,  one-tenth  of  foot  in  height,  so  that  the  top  of  the  figure 
concides  with  the  completion  of  the  10th.  Between  the  num- 
bers 9  and  1  there  is  thus  room  for  the  figure  to  be  inserted 
(generally  in  red)  showing  the  number  of  feet ;  it  is  often  put  in 
horizontal  instead  of  upright  to  make  it  more  conspicuous,  and  the 
upper  edge  corresponds  with  the  completion  of  the  foot. 

So  far  the  system  seems  perfect ;  but  there  is  a  grave  difficulty 
about  the  fifth  division  of  each  hundreth.  Being  an  uneven  space 
it  is  not  marked,  and  therefore  the  next  one  to  it,  the  sixth,  is 
produced  a  little  to  right  and  left  to  allow  of  the  eye  catching 
it  readily,  and  its  lower  edge  marks  the  completion  of  half  a 
tenth. 

It  will  be  seen  that  this  is  a  violation  of  the  principle  of  the 
upper  edge,  of  each  black  space  marking  the  completion  of  a  divi- 
sion, for  though  a  fifth  is  not  the  completion  of  any  space,  it  is  the 
point  on  which  the  eye  requires  to  rest  in  running  up  the  divisions. 
This  may  appear  a  small  matter,  but  it  touches  upon  the  important 
question  as  to  the  limits  of  the  powers  of  vision  ;  for  though  most 
eyes  can  pick  out  the  3rd  or  4th  division  among  5,  there  are  very 
few  that  can  determine  at  a  glance  the  6th  or  7th,  &c.,  among  10  ; 
therefore  some  system  is  required  clearly  marking  off  the  10th  into 
spaces  to  be  readily  picked  out,  and  that  system  which  makes  the 
5th  most  conspicuous  will  probably  be  found  most  convenient.  The 
divisions  adopted  on  the  Ordnance  Survey  somewhat  obviate  this 
difficulty. 

The  correct  holding  of  the  staff  must  be  carefully  taught :  the. 
staff  holder  should  stand  facing  the  observer,  his  legs  apart,  and 
with  his  hands  about  5  feet  from  the  ground  holding  the  staff  as 
nearly  upright  as  he  can  guess  at ;  the  observer  will  signal  to  him 
if  he  holds  it  too  much  to  the  right  or  left,  and  he  can  correct  the 
position,  but  neither  one  or  the  other  can  be  certain  that  the  staff 
is  upright  in  the  line  of  the  observation,  the  holder  will  therefore 
gently  sway  the  staff  from  and  to  him,  the  observer  booking  the 
lowest  observation,  which  is  when  the  staff  is  upright. 

BENCH  MARKS. — However  accurately  the  levelling  may  be  per- 
formed, it  is  of  little  use  unless  the  exact  points  from  which  the 
lines  are  started  and  on  which  they  are  closed  are  known :  and  it  is 
necessary  that  these  points  should  be  permanently  fixed  so  as  to  be 
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ready  for  reference  at  any.subsequent  period.  Also  for  the  purpose 
of  reference  and  of  levelling  branch  lines,  or  for  contouring,  many 
fixed  points  are  required  along  the  line  levelled,  say  half  a  mile 
apart.  Those  points  are  indicated  by  bench  marks  or  by  copper 
bolts  let  into  walls,  &c. 

The  well  known  bench  mark  used  on  the  Ordnance  Survey  is  the 
broad  arrow  perpendicular  to  a  horizontal  groove.  It  is  usually  cut 
on  the  side  of  a  vertical  wall,  mile  stone,  or  gate  post:  but 
wherever  it  is  cut,  one  particular  portion  of  it  must  be  given  on 
which  to  stand  the  levelling  staff.  This  should  be  the  point  of  the 
arrow  or  bottom  edge  of  the  groove,  and  it  will  be  necessary  for 
the  leveller  to  carry  about  with  him  a  T  shaped  piece  of  iron,  to 
thrust  into  the  groove,  on  which  to  rest  the  foot  of  the  levelling 
staff,  the  thickness  of  iron  being  noted. 

.  A  careful  description  of  the  position  of  the  B.  M.  must  be  given 
in  the  book  kept  for  that  purpose,  and  should  the  levelling  be  over 
a  wild  part  of  the  country  where  the  description  may  fail,  it  will 
be  found  desirable  either  to  paint  the  B.  M.  red  or  black,  or  else 
dash  a  painted  arrow  on  the  rocks,  pointing  to  the  spot  where  it 
may  be  found — the  paint  will  last  for  years. 

LEVELLING. — It  has  been  stated  that  a  difference  of  opinion  exists 
as  to  the  zero  from  which  altitudes  should  be  numbered,  mean  sea 
level  at  Liverpool  being  the  datum  level  referred  to  on  the 
Ordnance  Survey.  But  whatever  datum  may  be  determined  on  in 
a  survey,  it  is  not  at  all  necessary  that  this  should  be  fixed  before 
the  levelling  is  commenced,  as  it  may  be  obtained  while  it  is  in 
progress. 

A  Bench  Mark  is  cut  near  the  point  where  the  datum  is  to  be 
fixed,  and  to  this  B.  M.  all  the  levelling  is  referred.  The  initial 
levelling  is  the  first  consideration,  and  it  is  generally  carried  along 
the  main  roads,  cutting  up  the  country  into  districts ;  B.  M.  being 
left  at  every  half  mile  or  so  for  the  branch  levelling  and  contour- 
ing ;  it  is  usually  performed  with  a  large  class  of  instrument,  10  or 
12  inch  spirit-level :  a  good  leveller  will  on  this  work  have  the 
staff  so  placed  each  time,  as  to  save  levelling  to  the  same  inter- 
mediate points  in  the  road  at  some  future  period. 

To  proceed  to  the  method  of  using  the  spirit-level  or  other 
instrument  for  tracing  horizontal  lines,  and  also  of  keeping 
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the  field-book  in  levelling  for  sections.  In  the  system  formerly 
pursued,  the  instrument  was  set  up  at  one  end  of  the  line  A,  of 
which  a  section  was  required ;  and  having  ascertained  the  accuracy 
of  its  adjustments,  and  levelled  it  by  the  plate-screws,  an  assistant 
was  sent  forward  with  the  levelling-staff  to  the  first  station,  and 
the  difference  between  the  height  of  the  vane  when  intersected  by 
the  cross  wires  of  the  telescope,  and  the  height  of  the  optical  axis 
of  the  instrument  from  the  ground,  gave  of  course  the  difference  of 
level  between  these  two  points.  The  distance  was  then  measured 
and  entered  in  the  field-book,  and  the  level  moved  on  to  the  first 
station,  the  staff  being  sent  on  to  the  second,  where  the  same  pro- 
cess was  repeated. 

It  is  self  evident  that  this  manner  of  levelling  is  vitiated  by  the 
errors  of  curvature  and  refraction,  which,  if  not  allowed  for  in  a 
long  section,  would  in  the  end  produce  a  considerable  error. 


But  the  necessity  for  these  corrections  is  avoided  by  simply  placing 
the  instrument  half-way  between*  the  two  stations,  and  either  in 
the  line  of  section,  or  on  one  side  of  it. 

Thus  the  level  *  being  set  up,  as  in  the  figure  at  a,  the  dif- 
ference between  the  reading  on  the  staff  set  at  the  back  station  A, 


and  at  the  forward  station  (1),  gives  at  once  the  difference  of  level 
between  the  ground  at  these  points  without  any  correction  for 
refraction  or  curvature,  and  also  without  taking  into  account  the 

*  By  having  two  assistants,  with  levelling- staves,  one  for  the  back  and  the  other 
for  the  forward  station,  much  time  may  be  saved. 
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height  of  the  instrument ;  a  slight  error  in  the  line  of  collimation 
of  the  telescope  also  does  not  impair  the  results,  as  the  elevation 
or  depression  of  the  optical  axis  would  have  the  same  effect  on 
both  staves ;  whereas  in  levelling  entirely  by  the  forward  station 
the  least  error  in  the  adjustment  of  the  instrument  is  fatal  to  the 
accuracy  of  the  section,  being  always  carried  on,  whether  additive 
or  subtractive.  This  assertion,  however,  supposes  the  instrument 
to  be  exactly  equidistant  from  the  two  stations,  which  in  ground 
having  a  great  inclination  is  often  impossible  ;  nevertheless,  by 
good  management,  any  reference  to  the  table  of  curvature  and 
refraction  may  generally  be  avoided,  and  if  this  correction  is 
necessary,  it  should  be  made  merely  for  the  difference  between  the 
distances. 

In  levelling  for  a  section  or  for  the  height  of  parts  of  a  fortifi- 
cation, the  most  simple  method  is  that  employed  on  the  Ordnance 
Survey.  A  sketch  is  made  of  the  line  levelled  over,  somewhat 
similar  to  that  made  in  surveying  on  a  line  in  a  triangle,  except 
that  only  those  features  need  be  entered  which  are  necessary  to 
afford  information  as  to  the  positions  of  the  stations.  This  sketch 
commences  at  the  bottom  of  the  page  and  runs  up  it,  while  the 
figures  in  the  tabular  form  of  levelling  commence  at  the  top  and 
run  down  the  page ;  this  difference,  however,  does  not  occasion 
any  difficulty  after  a  day  or  two.  The  staff  having  a  double  face 
gives  four  distinct  readings  when  observed  direct  and  again  inverted, 
and  when  a  long  line  is  levelled  having  for  its  ultimate  object  the 
ascertaining  the  difference  of  level  between  two  distant  points 
(as,  for  example,  the  levels  of  the  Mediterranean  and  Red  Seas  on 
either  side  of  the  Isthmus  of  Suez),  two  staves  are  often  used,  and 
still  further,  as  a  check,  a  second  instrument  may  be  used  :  thus 
sixteen  observations  would  be  obtained  between  each  station,  and 
observations  which  would  check  each  other  most  thoroughly ;  for  if 
even  two  or  three  errors  were  to  creep  in  among  the  sixteen  they 
could  be  at  once  detected  and  thrown  out  with  confidence. 

The  form  or  table  (p.  97)  in  use  has  seven  columns  :  in  1  are  the 
letters  of  B  M,  or  numbers  of  the  points,  if  they  have  any ;  in  2  the  dis- 
tance from  point  to  point ;  in  3  the  reading  at  back  station  ;  in  4 
the  reading  at  forward  station  ;  in  5  the  +  difference  of  level  or  rise ; 
in  6  the  —  difference  of  level  or  fall ;  in  7  the  correct  height  of  the 
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station  above  the  level  of  the  sea.  Columns  1,  2,  3,  and  4,  being 
entered  in  the  field,  are  in  black  ink :  columns  5,  6,  and  7  may  be 
inserted  in  the  office  in  blue,  while  the  corrections  at  the  end 
would  be  in  red. 

The  readings  of  the  staff  "direct"  and  ''inverted"  are  kept 
distinct,  each  occupying  half  of  the  page.  The  readings  from  either 
face  of  the  staff  should  be  inserted  one  below  the  other,  and  their 
difference  should  be  constant  :  this  difference  is  sometimes  entered 
in  the  field-book,  but  it  confuses  the  computor,  and  it  is  doubtful 
whether  its  entry  assists  the  leveller.  After  the  line  has  been 
closed  on  a  B  M  the  book  is  sent  into  the  office  for  examination, 
the  rise  and  fall  is  worked  out,  and  the  whole  work  most  thoroughly 
checked  by  adding  up  all  the  +  and  —  quantities  and,  taking  the 
difference,  dividing  by  2  when  both  faces  of  the  staff  have  been 
observed,  this  difference  is  contrasted  with  the  difference  of  the 
whole  of  columns  3  and  4,  also  divided  by  2.  Should  there  be  no 
error  the  difference  is  applied  to  the  B  M  from  which  the  levelling 
started,  and  the  result  should  agree  with  the  height  of  the  B  M  on 
which  the  levelling  is  closed  ;  should  it  not  do  so,  but  be  within  the 
limit  of  error,  a  correction  is  applied  to  the  height  of  each  station 
in  working  out  column  7.  In  levelling  fortifications,  streets,  &c., 
it  is  often  necessary  to  take  several  readings  without  shifting  the 
instrument ;  in  such  cases  suppose  the  instrument  to  have  been 
move'd  each  time,  and  enter  the  forward  reading  of  the  staff  as 
the  back  reading  of  the  next  station,  and  enter  it  as  such. 

The  form  just  described  is  shown  on  page  97,  and  is  filled  in  as 
an  example :  the  height  of  BMC2  and  E2  have  been  previously 
obtained  in  some  other  levelling,  and  it  will  be  seen  that  there  is 
a  difference  of  '003  feet  on  closing  which  must  be  distributed 
throughout  the  line  levelled  over.  Reference  should  be  made  on 
the  form  to  the  page  of  the  abstract,  where  the  heights  of  C2  and 
E2  may  be  found.  This  abstract  in  its  form  depends  upon  the 
nature  of  the  survey,  but  its  object  generally  is  that  it  may  be  a 
handy  book  of  reference  to  all  the  B  M  and  principal  points  levelled 
to,  so  arranged  that  any  point  may  be  found  without  difficulty. 
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FORM  OF  REGISTER  FOR  LEVELLING. 

Commenced  work,  23rd  August,  1864. 

Level  5310,  in  good  adjustment. 
C.  Register,  page  119. 

Abstract,  p.  14. 


(Signed) 


CH.  MORTIMER, 

Sapper  R.E.  in  charge. 


Branch  Levelling. 
WEM  TO  FREES. 

Description  of  Mark. 


B  M  on  wall  ] 
of  Court  i- 
House.  j 

Centre  of     "1 
Road.        / 


Do. 


Do. 


Do. 


BM  on  Red 
Lion 
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road. 


Do. 

Closed  on  BM 
St.  John's 
Church. 


Reading  of 
Levelling  Staff. 
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02 

Front 
Station. 

i 

2-560 
3-590 

*  3-462 
4-490 

4-720 
5-755 

7-430 
8-460 

6-525 
7-555 

9-230 
10-260 

1-110 
2-140 

7-210 
8-240 

7-210 
8-240 

8-320 
9-350 

1-532 
2-560 

8-260 
9-290 

4-440 
5-470 

10-690 
11-720 

8-620 
9-652 

81-680 

2135 
3-165 

121712 
81-680 

40-032 

1 

Difference  of 
Level  between 
•ront  and  back 
Stations. 


6-435 
6-487 


12972 


0-902 
0-900 

2-710 

2-705 

2-705 
2705 

6-100 
6-100 

1-110 
1-100 

6-728 
6-730 

6-250 
6-250 


53-005 
12-972 


40-033 
20-016 


341-155 
342-056 
344-763 
347-468 
353-568 
354-678 
361-407 
367-657 


361-171 
361-174 


—•003 
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In  making  trial  sections  with  the  spirit-level  to  ascertain  the 
best  line  for  a  railway  or  other  work,  the  same  form  applies  as  for 
sections  for  more  particular  purposes,  either  civil  or  military ;  but 
the  distances  may  be  longer,  as  was  observed  when  speaking  of  the 
theodolite.  The  same  bench-marks  should  be  always  levelled  up 
to  in  every  trial  section. 

In  running  check  sections,  to  ascertain  the  accuracy  of  former 
sections,  there  is  generally  no  occasion  for  measuring  distances : 
and  only  a  column  for  "back,"  and  another  for  "fore"  sights, 
with  a  third  for  remarks,  are  required. 


B.  S. 

F.  S. 

REMARKS. 

At  each  bench-mark  these  columns  may  be  added  up,  and  their 
difference  entered  under  the  column  of  "Remarks."  As  already 
stated,  check  sections  are  more  quickly  taken  with  a  theodolite 
by  reciprocal  angles "  of  elevation  and  depression  than  by  the 
spirit-level 

In  laying  down  a  section  on  paper,  particularly  if  the  ground  is 
of  gentle  slope  and  the  section  of  considerable  length,  it  is  usual 
to  exaggerate  the  vertical  heights  for  the  purpose  of  rendering  the 
undulations  of  the  surface  perceptible,  which  necessarily  produces 
a  distorted  representation  of  the  ground.  The  horizontal  scale  is 


Vertical  scale,  ,00  feet  to  1  inch. 
Horizontal  scale,  1000  feet  to  1  inch. 


Usually  made  an  aliquot  part  of  the  vertical,  that  the  proportions 
between  them  may  be  at  once  obvious.  Scales  of  25,  50,  100  or 
150  feet  to  one  inch,*  are  appropriate  for  the  latter,  according  to 

*  The  plotting  scales,   already  alluded  to,  are  very  convenient  for  laying  down 
sections  ;   and   Mr.   Hoitzapff ell's  cardboard   Engine-Divided  Scales  will  be  found 
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the  degree  of  detail  required  in  the  section ;  and  the  horizontal 
scale  may  be  from  J  to  TV  of  either  of  them ;  or  even  a  less  pro- 
portion if  the  section  is  of  great  length,  and  the  ground  generally 
flat,  as  in  the  figure  above,  plotted  from  the  specimen  of  a  level- 
ling field-book. 

The  horizontal  line  from  which  the  vertical  distances  are  set  off 
may  be  either  on  a  level  with  one  end,  or  some  one  point  of  the 
section  ;  or  a  datum  line  may  be  drawn  any  number  of  feet  above 
or  below  this  line'  exceeding  the  sum  of  all  the  vertical  heights :  this 
latter  arrangement  makes  all  the  dimensions  reduced  for  plotting 
either  plus  or  minus.  Laying  off  intermediate  horizontal  and 
vertical  distances  should  be  avoided  in  plotting  sections  ;  the 
former  ought  always  to  be  measured  from  the  commencement  of 
the  section  with  as  few  interruptions  as  the  length  of  the  line  will 
allow,  and  the  latter  from  the  datum  line.  Both  horizontal  and 
vertical  distances  should,  particularly  in  a  working  section,  be 
written  legibly  on  the  drawing. 

Trial  sections  that  have  been  run  for  the  purpose  of  ascertain- 
ing the  best  of  several  routes  for  a  railroad,  canal,  or  other  work, 
should  invariably  be  all  plotted  on  the  same  scale  and  paper,  and 
from  the  same  datum  line ;  and  commencing  at,  and  having 
reference  to,  the  same  points  as  bench-marks.  By  this  arrange- 
ment their  comparison  by  the  eye  is  facilitated. 

Cross  or  transverse  sections  are  sometimes  plotted  above,  and 
sometimes  below  the  longitudinal  section :  and  if  only  extending 
a  few  feet  to  the  right  and  left,  they  are  occasionally  plotted  on 
the  line  of  section  :  but,  if  numerous,  this  last  method  causes  a 
confused  appearance  in  the  drawing. 

A  method  of  combining  plan  and  section  has  lately  been  intro- 
duced by  Mr.  Macneil,  for  the  purpose  of  giving  a  popular 
representation  of  the  quantity  of  excavation  and  embankment 
at  any  part  of  the  section  of  a  line  of  railway,  the  direction  of 

useful  where  a  variety  of  scales  are  often  required  ;  from  their  method  of  construc- 
tion, they  can  be  sold  at  the  low  price  of  nine  shillings  a  dozen,  of  all  descriptions  in 
general  use.  If  the  paper  is  stretched  on  a  rectangular  board,  and  two  of  these 
scales  are  placed  along  two  of  the  sides  at  right  angles  to  each  other,  the  horizontal 
and  vertical  distances  can  be  laid  down  with  a  "J~  ruler  and  angle  without  using  the 
compasses. 

H  2  . 
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which  is  shown  on  the 
outline  plan  of  the 
country  through  which  it 
passes  by  a  thick  black 
line,  supposed  to  represent 
a  vertical  section  of  the 
rail.  From  the  accurate 
section  previously  drawn, 
the  heights  of  the  em- 
bankments and  depths  of 
excavation  at  the  different 
parts  of  the  line  are  trans- 
ferred to  this  datum  line 
on  the  plan;  and  these 
quantities  being  tinted  with 
different  colours,  or  if  en- 
graved, represented  the  one 
with  vertical,  and  the  other 
with  horizontal  lines,  show 
at  a  glance  the  general  re- 
lative proportions  of  cutting 
or  embankment,  as  in  the 
annexed  figure. 

The  dark  line  in  both 
figures  represents  the  sur- 
face of  the  railroad  or  em- 
bankment. 

To  those  unaccustomed 
to  the  use  of  sections,  this 
simple  contrivance  by  which 
they  are  rendered  intelligi- 
ble is  particularly  useful, 
and  has  been  ordered  to  be 
adopted  in  all  plans  for 
railways  submitted  to  the 
House  of  Commons.  Of 
course  it  is  only  intended 
to  give  a  general  idea  of 
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the   quantity   of    work   on  any  line  of  road,  railroad,   or  canal, 
and  to  be  explanatory  of  the  report  and  estimate. 

The  section  which  has  always  to  accompany  this  species  of  plan 
must  be  plotted  on  a  scale,  the  horizontal  distance  being  not  less 
than  4  inches  to  1  mile,  and  the  vertical  not  less  than  100  feet  to 
1  inch.  A  line  must  also  be  drawn  on  the  section  representing 
the  upper  surface  of  the  rails.  At  each  change  of  inclination  the 
height  above  some  datum  plane  must  be  shown,  and  also  the  rates 
of  the  slopes,  and  the  distances  for  which  these  gradients  are 
maintained.  The  height  of  the  railway  over  or  under  any  turn- 
pike road,  navigable  river,  canal,  or  other  railway,  is  likewise  to 
be  marked  at  the  crossing.  A  variety  of  precautions  and  regula- 
tions are  enforced  by  the  "  Standing  Orders"  relative  to  the  con- 
struction of  railways ;  and  there  are  numerous  other  details  con- 
nected with  them,  for  which  reference  must  be  made  to  some  of 
the  numerous  excellent  practical  works  devoted  solely  to  this 
branch  of  civil  engineering. 

Numerous  transverse  sections  are  required  for  computing  the 
relative  proportions  of  embankment  and  excavation  *  on  any  work, 
which  operation  is  much  facilitated  by  the  use  of  Mr.  Macneil's 
ingenious  tables,  calculated  upon  the  "  Prismoidal  Formula" 
which  shows  the  cubic  content  of  any  prism  to  be  equal  to  the 
area  of  each  end  +  four  times  the  middle  area,  multiplied  ~by  the 
length  and  divided  by  6  ;  whereas  the  common  methods  of  taking 
half  the  sum  of  the  extreme  heights  for  a  mean  height,  or  of 
taking  half  the  sum  of  the  extreme  areas  for  a  mean  area,  are  both 
erroneous ;  the  first  giving  too  large  a  result,  and  the  second  too 
little. 

Mr.  Haskoll  also  gives  very  useful  tables  for  the  calculation  of 
the  areas  of  cross  sections  in  the  second  volume  of  his  "  Engineer's 
Railway  Guide ; "  a  book  containing  full  information  upon  all 
subjects  connected  with  the  laying  out  and  construction  of  railway 
works. 

*  Of  the  greatest  possible  consequence,  both  for  the  sake  of  avoiding  unnecessary 
expense,  and  of  laying  out  the  work  to  the  best  advantage.  Valuable  information 
upon  this  subject  will  be  found  in  Mr.  Macneil's  work. 
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CONTOURS. 

The  last  description  of  levelling  by  the  spirit-level  to  be  noticed, 
is  the  method  of  tracing  instrumentally  horizontal  sections  termed 
"contours"  either  round  a  group  of  isolated  features  of  ground 
for  the  formation  of  plans  for  drainage,  sanitary,  railway,  or  other 
engineering  purposes — models  or  plans  of  comparison  for  military 
works,  &c.  ;  or  over  a  whole  tract  of  country  with  the  view  of 
giving  a  mathematical  representation  of  the  surface  of  the  ground 
in  connection  with  a  national,  or  other  extensive  and  accurate 
survey. 

As  regards  the  first  of  these,  the  tracing  instrumental  contour 
lines  round  any  limited  feature,  or  group  of  features  of  ground, 
the  manner  of  proceeding  is  very  simple.  The  site  must  be  first 
carefully  examined,  and  those  slopes  that  best  define  the  con- 
figuration of  the  surface,  particularly  the  ridge  and  watercourse 
lines,  marked  out  by  rods  or  long  pickets  at  such  distances  apart 
as  may  appear  suited  to  the  degree  of  minutiae  required  and  the 
variety  in  the  undulations  of  the  ground.  Where  no  such  marked 
sensible  lines  exist,  the  rods  must  be  placed  where  they  can  most 
readily  be  observed,  being  necessary  as  guides  for  the  levelling 
staff  during  the  subsequent  operations.  An  accurate  survey  of 
the  ground  on  which  the  positions  of  these  rods  are  shown  is  then 
to  be  made.  This  should  be  laid  down  upon  a  scale  proportioned 
to  the  purposes  for  which  the  plan  is  required,  and  to  the  vertical 
interval  by  which  the  contour  lines  are  to  be  separated. 

The  scale  for  towns  now  adopted  on  the  Ordnance  Survey  is 
•5-^-5-  or  10'56  feet  to  1  mile,  which  is  sufficiently  large  for  most 
engineering  and  municipal  works,  but  can  be  increased  if  necessary 
for  illustrating  projects  for  drainage,  or  for  the  supply  of  water  by 
pipes,  &c.  Estates  are  generally  laid  down  upon  a  scale  of  3  or  4 
chains  to  1  inch.  For  the  larger  scales  the  contour  lines  may  be 
traced  at  equidistant  vertical  intervals  of  from  2  to  10  feet  where 
the  scale  of  the  plan  varies  from  50  to  .500  feet  to  1  inch.  This 
plan  of  the  ground  should  be  in  the  hands  of  the  surveyor  on 
commencing  his  contouring,  as  it  will  be  of  considerable  assistance 
during  the  operation,  and  it  is  also  desirable  that  sections  should 
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be  run  from  the  level  of  some  fixed  plane  of  comparison  along  the 
principal  and  best-defined  lines  marked  out  by  the  rods  alluded 
to,  leaving  pickets  at  the  vertical  intervals  assigned  to  the 
contours.  These  pickets  serve  as  tests  of  the  accuracy  of  the 
work  as  it  progresses  and  as  starting  points  for  fresh  contours. 
The  staff  is  now  to  be  held  at  one  of  the  pickets,  the  spirit-level 
(or  theodolite  used  as  a  spirit-level)  being  so  placed  as  to  command 
the  best  general  view  of  the  line  of  level,  and  adjusted  so  that  its 
axis  may,  when*  horizontal,  cut  the  staff;  and  the  vane  (for  a 
levelling  staff  of  this  description  is  required)  raised  or  lowered 
till  it  is  intersected  by  the  cross  wires  of  the  instrument.  The 
staff  with  the  vane  kept  to  this  height  is  then  shifted  to  a  point 
about  the  same  level  between  the  next  row  of  ranging  rods  not 
more  than  12  or  15  chains  distant  from  the  spirit-level,  on  account 
of  the  correction  that  would  otherwise  be  required  for  the  curvature 
of  the  earth  (about  one  inch  in  10  chains),  and  moved  up  and 
down  the  slope  till  the  vane  again  coincides  with  the  wires,  when 
another  picket  is  driven.  This  process  is  continued  until  it  is 
found  necessary  to  move  the  level  to  carry  on  the  contour  line  to 
the  extent  required. 

The  same  operation  takes  place  with  the  contours  above  and 
below  that  first  laid  out ;  and  where  any  bench-marks  or  points, 
the  level  of  which  may  be  of  importance,  come  within  the  scope  of 
the  spirit-level,  they  should  be  invariably  determined. 

Where  the  vertical  interval  is  small,  the  pickets  upon  more 
than  one  line  of  contours  can  often  be  traced  without  shifting  the 
position  of  the  instrument  if  the  levelling  staff  is  of  sufficient 
length.  Too  much  should  not,  however,  be  attempted  at  one 
time. 

With  regard  to  the  second  division  of  this  subject,  the  tracing 
instrumental  contours  in  connection  with  a  national  survey,  the 
best  instructions  that  can  be  given  is  a  brief  outline  of  the  mode 
followed  on  the  Ordnance  Survey. 

The  ground  between  each  of  the  trigonometrical  stations  is 
carefully  levelled  with  a  spirit-level,  pickets  being  left  at  con- 
venient intervals  for  the  contours  to  start  from.  The  surveyor  to 
be  employed  in  tracing  these  contours  is  furnished  with  the 
absolute  altitudes  of  the  pickets,  or  those  of  bench-marks  out  of 
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the  direct  line  between  the  trigonometrical  points  if  they  have 
been  so  left  in  preference,  from  which  he  has  to  level  up  or  down 
to  the  contour  height  from  whence  he  is  to  commence.  With  a 
theodolite  or  spirit-level  he  then  traces  the  contour  lines  round 
the  hill  features  in  the  manner  already  described,  levelling  to 
certain  other  bench-marks  whose  positions  have  been  given  to 
him,  but  of  whose  altitudes  he  is  not  informed  in  order  that  a 
check  may  be  established  upon  his  work,  the  position  of  the 
contour  lines  being  recorded  in  a  field-book  with  "reference  to  the 
measured  detail  of  the  houses,  fences,  &c.,  in  a  close  country ;  or 
by  transverse  lines  in  open  uncultivated  ground. 

The  whole  of  the  altitudes  for  the  foundation  of  the  contour 
lines  are  determined  by  levelling  with  the  spirit-level,  the  calcu- 
lated heights  obtained  by  angles  of  elevation  and  depression 
during  the  progress  of  the  survey  not  being  considered  suffi- 
ciently accurate  for  the  work  as  it  is  now  performed  : — the  vertical 
distances  between  the  contour  lines  thus  traced  out  on  the  Ord- 
nance Survey  (now  published  on  the  scale  of  6  inches  to  1  mile 
or  880  feet  to  1  inch),  vary  according  to  the  altitude  above  the 
sea,  and  as  the  character  of  the  ground  is  steep  or  flat — from  25 
to  250  feet.  These  contours  are  however  interpolated  with  inter- 
mediate horizontal  lines  run  with  the  water  level  generally  at  the 
constant  fixed  vertical  intervals  of  25  feet. 

By  assuming  the  level  of  the  sea  as  the  datum  plane  from  which 
these  progressive  series  of  contours  are  to  reckon,  the  altitudes  of 
the  several  horizontal  sections  above  that  point  are  at  once  repre- 
sented, which  is  a  more  useful  and  practical  arrangement  than  the 
system  adopted  by  the  French  (who  first  introduced  this  method 
of  delineating  ground),  of  fixing  upon  some  imaginary  plane  of 
comparison  above  the  highest  parts  of  the  plan,  similar  to  the 
mode  still  practised  with  ordinary  sections. 

On  surveys  where  pretensions  are  not  made  to  such  extreme 
mathematical  precision,  horizontal  sections  at  distant  vertical 
intervals  may  be  traced  with  the  theodolite  or  spirit-level,  and  the 
intermediate  contours  filled  in  by  the  eye  ;  to  perform  which  with 
tolerable  accuracy,  with  the  assistance  of  the  instrumental  con- 
tours previously  marked  by  pickets  on  the  ground,  becomes  after  a 
little  practice  an  operation  of  no  great  difficulty. 
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Even  in  surveys  where  the  delineation  of  the  surface  of  the 
ground  is  to  be  represented  entirely  by  sketching  on  the  hori- 
zontal system,  as  described  in  Chap.  X.,  a  few  distant  instru- 
mental contours  very  much  facilitate  the  work,  and  give  it  a  cha- 
racter of  truth  and  certainty  that  could  not  otherwise  be  looked  for. 

Fig.  1,  Plate  8,  illustrates  the  method  of  tracing  and  surveying 
the  contour  lines  when  the  operation  is  carried  on  between  the 
separate  secondary  triangles  on  an  extensive  survey.  As  has  been 
remarked,  however,  there  is  no  necessity  for  following  this  system 
of  working  rigidly  within  the  boundary  lines  of  these  triangles,  as 
bench-marks  established  at  any  convenient  spots  out  of  the  direct 
line  connecting  two  trigonometrical  stations,  answer  just  as  well 
for  checks  upon  the  progress  of  the  work,  and  for  datum  points 
from  whence  to  commence,  and  upon  which  to  close  the  work. 

Supposing,  for  instance,  the  altitudes  of  the  trigonometrical 
points  B,  C,  D,  had  been  previously  ascertained  to  be  respectively 
625,  570,  and  282  feet  above  the  level  of  the  sea,  and  that  the 
instrumental  contours  were  required  to  be  marked  at  equal 
vertical  intervals  of  50  feet  above  that  level.  Starting  from  either 
of  these  points,  say  C,  in  the  direction  of  C  B,  mark  the  level  of 
the  nearest  line  of  contours,  which  in  this  case  would  be  20  feet 
below  C ;  and  then  the  points  where  every  difference  of  altitude  of 
50  feet  would  cut  the  line  C  B  (500,  450,  &c.).  On  arriving  at  B  a 
check  is  at  once  obtained  upon  the  section  that  has  just  been  run ; 
and  the  error,  if  any,  can  be  corrected  upon  the  spot.  The  other 
sides  of  the  triangle,  B  D  and  D  C,  are  then  levelled  in  the  same 
manner  ;  the  connection  of  the  corresponding  contour  lines  cutting 
each  of  them  traced  out  by  the  spirit-level ;  and  their  position  in 
plan  laid  down,  either  by  traversing,  or  by  reference  to  points  and 
lines  already  surveyed  and  plotted.  The  places  of  many  of  these 
contour  pickets  can  generally  be  ascertained  whilst  the  levelling  is 
in  progress,  by  measuring  their  distances  from  the  instrument  and 
observing  the  angles  made  by  them  and  the  trigonometrical,  or 
other  known  points.  For  this  and  other  methods  of  obtaining 
their  positions  in  the  readiest  manner  no  fixed  directions  can  be 
given,  as  they  must  vary  in  different  localities ;  and  nothing  but 
practice  will  render  a  surveyor  capable  of  availing  himself  of  the 
many  opportunities  he  will  constantly  meet  with  of  simplifying 
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his  operations  by  the  exercise  of  a  little  forethought  and  judg- 
ment. 

If,  instead  of  confining  the  process  of  contouring  within  triangles, 
the  altitudes  of  any  points,  a,  b,  c,  d,  &a,  had  been  determined  by 
levelling,  and  given  to  the  surveyor  as  his  starting  points  ;  he  has 
only  to  level  from  one  of  them  to  the  required  altitude  of  the 
nearest  contour  line,  either  above  or  below  him,  and  then  proceed 
to  carry  this  level  round  the  hill  features  as  in  contouring  isolated 
surveys.  In  very  hilly  or  broken  ground  this  system  would  appear 
preferable  to  that  of  working  within  the  limits  of  regular  figures, 
as  the  whole  operation  is  made  to  depend  more  upon  the  marked 
natural  features  of  the  country. 

It  is  hardly  necessary  to  enumerate  the  advantages  of  a  system 
of  horizontal  contours  traced  thus  accurately  upon  the  plans  of  a 
national  survey. '  Not  only  can  the  best  general  lines  of  directions 
for  roads,  canals  and  railways,  conduits  for  the  supply  of  water, 
drainage  pipes,  &c.,  be  ascertained  without  the  trouble  and  expense 
of  trial  sections ;  but  accurate  sections,  for  whatever  purpose 
required,  may  be  traced  to  any  extent  across  the  country  in  all 
directions.  Had  this  system  been  adopted  on  the  Ordnance 
Survey  of  England  thirty  years  ago,  an  incalculable  saving  would 
have  been  effected  on  all  the  trial  lines  run  to  ascertain  the  best 
practicable  directions  for  the  railways  that  now  intersect  this 
country. 

Another  use  to  which  contour  lines  traced  round  any  limited 
extent  of  ground  can  be  applied  is  the  formation  of  models  for 
military  or  other  purposes,  though  the  contour  plan  itself  affords 
far  more  accurate  data  for  reference  than  can  be  obtained  from 
the  model,  the  dimensions  of  which,  being  derived  from  the  plan, 
are,  like  all  copies,  more  liable  to  be  vitiated  by  errors  than  the 
originals. 

By  the  aid  of  a  contoured  plan,  many  problems  can  likewise  be 
worked  out  without  the  aid  of  vertical  sections  ;  from  among 
others  the  five  following  are  selected  as  of  practical  utility:* — 

*  These  problems  are  taken  from  a  paper  on  Contour  Plans  and  Defilade,  by 
Colonel  Harness,  extracted  principally  from  the  "Memorial  du  Genie." 


LEVELLING.  107 

1.  To  find  the  direction  of  the  slope  and  the  inclination  of  a 
j  "'  j.  j 

plane  passing  through  three  given  points  ABC,  not  in  the 
same  straight  line. — Fig.  2,  Plate  8. 

Divide  the  line  A  C,  joining  'the  highest  and  the  lowest  of  the 
given  points,  so  that  the  two  parts  may  bear  the  same  proportion 
to  each  other  as  the  numbers  expressing  the  difference  of  level 
between  the  third  point  and  each  of  the  other  two  ;  that  is,  make 
AD  I  DC'lA/^B  I  B~C ;  D  will  then  be  on  the  same  level  as 
B  ;  and  D  B  will  be  a  horizontal  of  the  plane  required. 

2.  To  find  the  scale  of  a  plane  which  shall  pass  through  tiuo 
given  points  and  have  a  given  inclination. 

This  inclination  determines  the  interval  in  plan  between  the 
contours  passing  through  the  two  given  points.  With  one  of 
these  points  as  a  centre,  and  that  interval  as  radius,  describe  a 
circle,  the  tangent  drawn  to  which  from  the  other  point  is  a  hori- 
zontal of  the  plane  required.  If  the  distance  between  the  points 
is  less  than  the  necessary  interval  between  the  contours,  this 
problem  is  of  course  impossible ;  and  when  possible  it  admits  of 
two  solutions. 

3.  To  find  what  part  of  a  given  surface  is  elevated  above 
a  given  plane. 

The  intersection  of  the  horizontals  of  the  plane  with  the 
contour  lines  at  corresponding  levels  of  the  surface  above, 
denotes,  as  seen  in  Fig.  3,  the  portion  of  the  surface  rising  above 
the  plane. 

4.  To  find  the  intersection  of  two  planes. 

Produce  until  they  meet  two  or  more  contours,  having  corre- 
sponding levels  of  each ;  the  line  joining  the  points  of  meeting 
will  be  that  of  intersection.  If  the  contours  of  the  two  planes  be 
parallel,  their  intersections,  being  a  horizontal  of  each  plane,  will 
be  known  if  one  point  in  it  be  found. 

5.  To  find  in  a  plane,  given  by  its  scale  of  slope,  a  straight  line, 
which,  passing  through  a  given  paint  in  the  plane,  shall  have 
a  given  inclination  less  than  that  of  the  plane  (Fig.  4). 

Trace  a  contour  of  the  plane  having  any  convenient  difference 
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of  level  above  or  below  this  point.  With  that  point  as  a  centre, 
and  with  the  base  due,  with  the  required  inclination  of  the  line  to 
the  assumed  difference  of  level  as  a  radius,  describe  an  arc  cutting 
that  contour.  The  line  drawn  through  their  intersections  and  the 
given  point  will  have  the  required  inclination. 

By  the  above  problem  a  road  up  the  side  of  a  hill  represented 
by  contours,  can  be  traced  so  as  not  to  exceed  in  any  part  a  given 
inclination. 

The  application  of  contours  to  the  object  of  defilading  a  work 
to  secure  its  interior  from  fire  (almost  the  first  use  to  which  they 
were  applied)  can  hardly  be  entered  upon  here.  The  subject  is 
fully  treated  by  many  French  authors  on  fortification ;  and 
extracts  from  Captain  Noizet's  paper,  in  the  "  Memorial  du 
Ge'nie,"  will  be  found  in  the  sixth  volume  of  the  Royal  Engineers' 
Professional  Papers.* 

The  method  of  measuring  altitudes  by  the  barometer  and  the 
temperature  of  boiling  water  is  reserved  for  the  next  chapter. 

*  See  also  the  chapter  upon  Defilade  in  Captain  Macaulay's  "Field  Fortification." 


CHAPTER   VI. 
LEVELLING  CONTINUED. 

MOUNTAIN  BAROMETER,  ETC. 

THE  MOUNTAIN  BAROMETER  presents  a  method  of  determining 
comparative  altitudes  not  susceptible  of  so  much  accuracy  as 
those  already  described,  but  far  more  expeditious  when  applied 
to  isolated  stations  separated  from  each  other  by  considerable 
distances.  It  is  also  capable  of  being  used  extensively  by  one 
individual ;  and  the  observations  if  performed  with  care  will  in 
most  cases  give  results  very  near  the  truth.  The  accuracy  of 
results  will,  however,  depend  very  much  upon  the  nature  of  the 
climate,  the  latitude,  and  the  season  of  the  year.  The  country  in 
which  there  is  least  range  and  where  it  is  nearly  uniform  as  to 
time  each  day  is  most  favourable  for  obtaining  good  results.  In 
the  British  Isles  the  diurnal  range  is  hardly  observable  owing  to 
the  great  fluctuations,  often  amounting  to  over  an  inch  in  a  few 
hours  ;  but  in  many  parts  of  the  Mediterranean  the  height  of  the 
barometer  being  known  at  9  A.M.  on  two  successive  days,  the 
height  during  the  interval  for  each  hour  can  be  closely  approxi- 
mated to.  And  in  lower  latitudes,  near  the  equator,  this  is  still 
more  the  case.  The  instrument  as  made  at  present  is  very  port- 
able, though  liable  to  injury  in  travelling  if  the  proper  precau- 
tions are  not  invariably  taken,  the  most  essential  of  which  is  that 
of  always  carrying  ike  cistern  inverted,  and  in  the  position  tight- 
ening the  screw*  at  the  bottom  of  the  cistern  to  prevent  the 

*  Mr.  Hewlett  remarks  that,  in  barometers  where  the  bottom  of  the  cistern  is 
formed  by  a  leather  bag,  the  mercury  should  be  forced  up  nearly  to  the  top  of  the 
tube  by  the  bottom  screw,  whilst  the  instrument  is  held  upright.  It  should  then  be 
carefully  inverted,  in  which  position  it  must  always  be  carried.  "When  required  for 
use  it  should  again  be  placed  upright  before  the  pressure  of  the  screw  against  the  bag 


110  LEVELLING. 

oscillations  of  the  mercury  breaking  the  tube.  In  barometers 
considered  of  the  best  construction,  and  which  are  the  most  ex- 
pensive, the  surface  of  the  mercury  in  the  cistern  is  brought  by  a 
screw  to  the  zero  of  the  instrument,  which  marks  the  height  at 
which  it  stood  there  when  the  scale  was  first  graduated.*  In 
others,  not  furnished  with  the  means  of  effecting  this  adjust- 
ment, and  in  which  the  cistern  is  entirely  enclosed  from  view,  an 
allowance  must  be  made  to  reduce  the  reading  on  the  scale  to 
what  it  would  have  been  if  the  mercury  in  the  cistern  had  been 
adjusted  to  zero.  It  is  evident  that  this  correction  of  the  height 
of  the  column  of  mercury  must  be  proportioned  to  the  relative 
capacities  of  the  cistern  and  the  bore  of  the  tube. 

Thus,  supposing  the  interior  diameter  of  the  tube  to  be  '1,  its 
exterior  '3,  and  the  diameter  of  the  cistern  '9  inches  ;  the  ratio  of 
the  areas  of  the  surfaces  will  be  (81—9)  72  to  l.t  The  differ- 
ence, then,  between  the  observed  reading  of  the  barometer,  and 
that  of  the  "  neutral  point,"  which  is  the  height  at  which  the 
mercury  stood  in  the  tube  above  the  zero  mark  of  the  cistern  when 
the  instrument  was  first  made  (and  is  always  marked  N  P),  is  to 
be  diminished  in  this  proportion,  and  the  quotient  applied  to  the 
observed  reading,  additive  when  it  is  above  this  standard,  and 
subtractive  when  below.  The  small  correction  for  the  capillary 
attraction  of  the  glass  tube  is  constant  and  additive,  and  is  gene- 
rally allowed  for  by  the  maker  in  laying  off  the  neutral  point,  in 
which  case  no  further  notice  need  be  taken  of  it.  Should  air  by 

is  relaxed  ;  otherwise  the  bag  is  liable  to  be  burst.  Allowance  must  be  made  for  the 
expanse  of  the  mercury  in  the  tube  during  the  day  :  for  example,  on  starting,  the  tempe- 
rature may  not  be  higher  than  60°  F.,  but  after  the  barometer  has  been  carried  for 
some  time,  exposed  to  the  rays  of  a  hot  sun,  the  temperature  of  the  mercury  may  be 
raised  to  120°  F. :  this  would  involve  an  increase  in  the  bulk  of  the  mercury  of  about 
ig0th  ;  on  this  account  the  mercury  on  starting  should  not  be  screwed  dose  up  to  the 
top  of  the  tube. 

*  It  is  doubtful  if  this  is  any  advantage  :  a  barometer  of  this  kind  takes  a  long 
time  to  adjust  and  read  ;  and  as  a  tangent  to  the  surface  of  the  mercury  is  required, 
both  in  the  tube  and  the  cistern,  there  are  more  chances  of  error  in  the  observation. 

*h  This  correction,  termed  the  "capacity,"  is  generally  ascertained  by  trial.  A 
certain  quantity  of  mercury  is  first  poured  into  the  tube,  which  it  fills  to  the  height, 
say  of  14 '4  inches  :  this  same  quantity  is  then  transferred  to  the  cistern,  and  found 
to  rise  '2  inch.  The  capacity  is  therefore  as  14  "4  to  "2,  or  72  to  1  ;  and  this  ratio  is 
always  marked  by  the  maker  on  the  instrument. 
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any  means  have-  found  its  way  into  the  tube  it  can,  if  this  is  of 
large  bore,  be  nearly  got  rid  of  by  holding  the  barometer  upright, 
with  the  cistern  downwards,  and  turning  the  screw  at  the  bottom 
as  far  as  it  will  go  without  forcing.  The  instrument  must  then 
be  sloped  to  an  angle  of  about  45°,  when  more  air  will  rush  into 
the  tube.  If  the  screw  is  now  unloosed,  and  the  instrument  held 
with  the  cistern  upwards,  at  an  angle  of  45°,  and  gently  tapped, 
the  air  will  nearly  all  escape,  the  test  of  which  is  the  mercury 
striking  the  top  with  a  clear,  and  not  a  muffled  sound,  showing 
that  the  vacuum  is  nearly  perfect.  Care  should  be  taken  to  ascer- 
tain at  the  close  of  each  day  that  no  mercury  has  escaped  from  the 
cistern  during  the  use  of  the  instrument,  otherwise  some  very 
curious  errors  may  creep  into  the  levelling. 

The  principle  upon  which  the  density  of  the  atmosphere, 
measured  by  the  height  of  the  column  of  mercury,  is  applied  to 
the  determination  of  comparative  altitudes  is  too  generally  known 
to  need  explanation  ;  but  the  mere  comparison  of  the  observed 
heights  of  mercury  at  the  places  of  observation  will  not  suffice  for 
the  purpose,  as  every  change  of  one  degree  of  temperature  of 
Fahrenheit's  thermometer  causes  an  expansion  or  contraction  of 
the  fluid  of  g-FVo  °f  its  bulk,  and  all  observation  must  be  cor- 
rected on  this  account  if  made  under  different  degrees  of  tempera- 
ture. The  method  of  using  the  mountain  barometer  is  shortly  as 
follows  :  it  is  carried  as  before  observed  inverted  until  required  for 
use,  the  cistern  being  always  kept  above  the  horizontal  at  an  angle 
of  at  least  45°,  when,  the  screw  at  the  bottom  of  the  cistern  being 
first  turned  until  it  no  longer  acts  against  the  end  of  the  tube,  the 
instrument  is  reversed,  and  the  gauge-point  (if  there  is  one)  is  set 
to  zero.  The  index  is  then  moved  till  its  lower  edge  is  a  tangent 
to  the  globular  surface  of  the  mercury,  the  height  of  which  in  the 
tube  is  read  off  to  TTrVo-  °f  an  mc^  by  means  of  the  index  vernier ; 
the  thermometer  attached  to  ike  instrument  showing  the  tempera- 
ture of  the  fluid,  and  the  detached  thermometer  that  of  the 
atmosphere  at  the  time  of  observation,  are  also  noted,  together 
with  the  heights  of  the  mercury.  The  following  form  is  conve- 
nient, as  containing  the  observations,  and  leaving  a  space  for  the 
results  : 
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N.P.  =30-100 


0-100  \ 
1        (  Lat.  51°  24'. 


Station. 

Attd. 
Ther. 

Detd. 
Ther. 

Observed 
Baro- 
meter. 

Correc- 
tion for 
Capacity. 

Corrected 
Baro- 
meter. 

Differ- 
ence of 
Level. 

Remarks 

High-  water  mark  

Parade,  Brompton  Bar- 
racks 

61° 
60° 

58° 
57° 

30-405 
30*276 

•004 
•002 

30-409 

B 

30-278 

116*6 

Star  Mill    

67°-5 

54° 

30120 

B 

30-120 

It  is  of  course  preferable  to  have  two  barometers,  and  to 
make  simultaneous  observations,  as  during  changeable  weather 
dependence  cannot  be  placed  upon  results  obtained  with  only 
one ;  particularly  if  any  considerable  interval  of  time  has  elapsed 
between  the  comparison  of  the  heights  of  mercury  at  the  different 
stations.  Even  the  method  that  has  been  suggested  by  Mr.  How- 
lett  of  noting  the  time  of  each  observation,  ending  the  day's  work 
at  the  spot  where  it  was  commenced,  and  then  correcting  the 
readings  of  the  barometer  and  thermometer  at  each  station  for  the 
proportion  of  the  total  change  between  the  first  and  last  reading 
due  to  the  respective  intervals  of  time,  cannot  of  course  render 
observations  taken  with  one  barometer  equal  in  accuracy  to  those 
observed  simultaneously  with  two  instruments,  unless  the  rise  or 
fall  of  the  barometer,  and  particularly  of  the  thermometer,  was 
ascertained  to  have  been  uniformly  progressive  during  the  whole 
day.  Observing  however  the  barometer  again  at  the  first  station 
at  the  close  of  the  day  has  this  advantage,  that  any  great  change 
during  the  period  will  be  immediately  detected,  and  the  degree  of 
dependence  to  be  placed  upon  the  observation  made  evident.  The 
difference  of  readings,  owing  to  these  changes,  will  also  be  gene- 
rally subdivided  among  a  number  of  observations,  though  instances 
may  occur,  where  this  caution,  as  regards  the  thermometer,  will  be 
productive  of  error  in  the  result.  Another  and  more  perfect 
system  is  to  have  a  standard  stationary  barometer  at  the  base  of 
operations  which  is  to  be  observed  at  certain  hours  of  the  day  at 
the  same  time  as  those  in  use  in  the  field  ;  but  inasmuch  as  there 
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is  often  a  considerable  local  variation,  it  is  necessary  also  to  have 
one  barometer  in  camp  to  be  observed  at  the  same  hours.* 

There  are  several  methods  of  calculating  altitudes  from  data 
thus  obtained.  That  according  to  a  formula  given  by  Mr.  Baily, 
in  p.  183  of  his  invaluable  "Astronomical  Tables  and  Formulae," 
is  perhaps  the  most  simple  when  a  table  of  logarithms  is  at  hand 
— it  is  deduced  from  the  rule  given  by  La  Place  reducing  the 
French  measures  to  English  feet,  and  expressing  the  temperature 
by  Fahrenheit's  thermometer,  and  becomes  by  the  use  of  the 
Tablet  in  the  next  page  A  +  C  +  log  D.  D  being  =log  /3  —  (log 
&  +B)  where 

t  represents  the  temperature  of  the  air  at  the  lower  station. 

f  that  at  the  upper. 

T  the  temperature  of  the  mercury  at  the  lower  station. 

i*  that  at  the  upper. 

A  the  correction  for  temperature  dependent  upon  t  + 1'. 

B  that  for  the  temperature  of  the  mercury  dependent  upon 
T— r',  and 

C  the  correction  for  the  latitude  of  the  place. 

/3  the  corrected  barometer  reading  at  the  lower  station. 

ft'  that  at  the  upper. 

*  The  most  generally  approved  construction  of  mountain  barometer  is  that  by  M. 
Gay-Lussac.  It  is  a  glass  syphon,  contained  in  a  brass  tubular  scale,  having  the  zero 
at  the  bottom,  and  divided  upwards  to  33  inches.  Each  inch  is  divided  into  tenths 
and  each  tenth  into  five  parts,  the  vernier  divides  each  of  these  fiftieths  into 
twenty  parts,  giving  the  inch  divided  to  thousandths. 

t  In  Mr.  Baily's  table,  the  column  B  is  calculated  on  the  supposition  that  the 
thermometer  is  always  the  highest  at  the  lowest  station,  which  in  great  altitudes  will 
be  the  case  ;  but  as  the  barometer  may  be  used  with  advantage  in  a  comparatively 
flat  country,  this  omission  has  been  remedied  in  a  table  published  by  Mr.  Hewlett, 
in  the  "Professional  Papers"  of  the  Royal  Engineers,  from  which  the  column  B  has 
been  taken.  The  more  accurate  method  is  to  correct  the  barometer  for  temperature, 
independently  of  the  tables. 
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TABLE 

FOR  DETERMINING  ALTITUDES  WITH  THE  MOUNTAIN  BAROMETER. 


Thermometer  in  open  air. 

Thermometers  to  the 
Barometers. 

(T 

A 

B 

t  +  t' 

t  +  tf 

Highest 

Lowest 

"Lati- 

r-V 

at  Lowest 

at  Lowest 

AJdll* 

tude. 

Station. 

Station. 

40 

476891 

110 

4-80229 

42 

4-76989 

112 

4-80321 

44 

477089 

114 

4-80412 

0 

o-ooooo 

o-ooooo 

0 

0-00117 

46 

4-77187 

116 

4-80504 

1 

0-00004 

9-99995 

5 

0-00115 

48 

4-77286 

118 

4-80595 

2 

0-00009 

•99993 

10 

0-00111 

50 

4-77383 

120 

4-80687 

3 

0-00013 

•99987 

15 

o-ooioo 

52 

4-77482 

122 

4-80777 

4 

0-00017 

•99982 

20 

0-00090 

54 

477579 

124 

4-80869 

5 

0-00022 

•99978 

25 

0-00075 

56 

477677 

126 

4-80958 

6 

0-00026 

•99974 

30 

0-00058 

58 

4-77774 

128 

4-81048 

7 

0-00030 

•99970 

35 

0-00040 

60 

4-77871 

130 

4-81138 

8 

0-00035 

•99965 

40 

0-00020 

62 

4-77968 

132 

4-81228 

9 

0-00039 

•99961 

45 

o-ooooo 

64 

4-78065 

134 

4-81317 

10 

0-00043 

•99956 

50 

9-99980 

66 

4-78161 

136 

4-81407 

11 

0-00048 

•99952 

55 

9-99960 

68 

4-78257 

138 

4-81496 

12 

0-00052 

•99948 

60 

9-99942 

70 

4-78353 

140 

4-81585 

13 

0-00056 

•99943 

65 

9-99925 

72 

4-78449 

142 

4-81675 

14 

0-00061 

•99940 

70 

9-99910 

74 

4-78544 

144 

4-81763 

15 

0-00065 

•99935 

75 

9-99900 

76 

478640 

146 

4-81851 

16 

0-00069 

•99930 

80 

9-99890 

78 

4-78735 

148 

4-81940 

17 

0-00074 

•99926 

85 

9-99885 

80 

478830 

150 

4-82027 

18 

0-00078 

•99922 

90 

9-99883 

82 

478925 

152 

4-82116 

19 

0-00083 

•99917 

84 

4-79019 

154 

4-82204 

20 

0-00087 

•99913 

86 

4-79113 

156 

4-82291 

21 

0-00091 

•99910 

wijjl 

88 

4-79207 

158 

4-82379 

22 

0-00096 

•99904 

+S  g 

90 

4-79301 

160 

4-82466 

23 

o-ooioo 

•99900 

CQ^  **3 

Vf,  <n    £J 

92 

4-79395 

162 

4-82553 

24 

0-00104 

•99895 

fli 

94 

479488 

164 

4-82640 

25 

0-00109 

•99891 

T<s-3  . 

96 

4-79582 

166 

4-82727 

26 

0-00113 

•99887 

iLgrf 

98 

479675 

168 

4-82813 

27 

0-00117 

•99882 

$&%$ 

100 

4-79768 

170 

4-82900 

28 

0-00122 

•99878 

O          cS    O 
i—  I    CJ  ^_,  "—  I 

102 

479860 

172 

4-82986 

29 

0-00126 

•99874 

II  £  o  + 

P           m  T1 

104 

479953 

174 

4-83072 

30 

0-00130 

•99869 

g  1  + 

106 

4-80045 

176 

4-83158 

31 

0-00134 

•99865 

II  s^ 

108 

4-80137 

178 

4-83234 

A 

The  following  example  taken  from  page  112  will  explain  the 
method  of  computation  : — 

£=5S°    £'=57° ;  r61°=  ;  r  =60° 
fl  =  30-409  ;  8' =30-278;  latitude  51°  24'. 
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t  +  if  =  115° ;   from  the  table  A  =  4-80458 
r-r'=      1;  „         „         B  =  0'00004 

C  =  9-99974 

log/3  30-409   .    .    .    1-48300 
r  log  /3' 30-278    1-48113  | 
t  +  B         -00004  J 


D  =  0-00183 


log  D  =  7-26245 
A  =  4-80458 
C  =  9-99974 


2-06677  =  116-6  altitude  in  feet. 


By  a  section  taken  with  a  spirit  level,  this  altitude  was  found  to 
be  exactly  115  feet.* 

Altitudes  are  also  very  easily  (but  not  always  so  correctly,) 
obtained  by  the  tables  in  a  pamphlet,  entitled  "  A  Companion  to 
the  Mountain  Barometer,"  published  by  Mr.  Jones,  and  sold  with 
the  instruments  made  by  him.  The  barometrical  observations 
are  first  brought  to  the  same  temperature  by  applying  to  the 
coldest  a  correction  found  in  the  first  table  for  the  differencef  of 
the  attached  thermometers.  The  approximate  height  is  then 
obtained  by  inspection,  taking  the  difference  between  the  numbers 

*  As  a  proof,  however,  that  the  results  given  by  the  barometer  are  not  always  to 
be  depended  upon  when  extended  to  very  great  distances,  the  observations  consequent 
upon  which  occupy  a  considerable  time  ;  it  may  be  mentioned  that  Professor  Parrott, 
who  was  employed  in  determining  by  barometrical  measurement  the  level  of  the 
Black  Sea  above  that  of  the  Caspian,  made  this  quantity  by  a  series  of  the  most 
careful  simultaneous  observations  in  1811  exactly  300  feet  ;  the  same  operation 
repeated  by  him  in  1830  gave  a  result  of  only  3  or  4  feet.  In  1837  this  altitude  was 
determined  geodesically  by  the  Russian  Government  to  be  83 '6,  and  was  afterwards 
made  by  a  French  observer  between  60  and  70  feet. 

f  In  Mr.  Jones's  Pamphlet  the  centigrade  thermometer  is  supposed  to  be  used  (the 
comparison  of  which  with  Fahrenheit's  is  given  in  Table  19).  The  centigrade,  or 
centesimal  thermometer,  derives  its  name  from  the  interval  between  freezing  and 
boiling  water  being  divided  into  one  hundred  parts.  It  is  adapted  to  the  decimal 
system  of  measurement,  and  since  the  Revolution  has  been  very  generally  used  in 
France.  Its  zero,  like  that  of  Reaumur's,  commences  at  the  freezing  point. 
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corresponding  to  the  corrected  readings  of  the  barometer  from 
the  second  table. 

Lastly,  the  correction  in  the  third  table  opposite  to  this  result, 
multiplied  by  the  mean  of  the  detached  thermometers,  and  added 
to  the  approximate  height,  gives  the  true  difference  of  altitude. 
The  same  example  as  before  is  worked  out  by  means  of  these 
tables,  the  temperatures  being  converted  from  Fahrenheit  to  the 
centigrade  scale  to  correspond  with  the  tables. 

Fahr.  Cent.  Fahr.  Cent. 

60  =     .     .       15-6  58  =       14-4 

61  =  161  57  =       13-9 


•5  2)28*8 

Table  first  .     .     .       '0060 

14-15 
Correction  applied     '0030  *45  From  Table  III., 

to  coldest  barom.    30'2768  for  approximate 

7075  altitude  110  ft. 
30-281  5660 

6-3675 


In  Table  II.  opposite  30'281  is  611 

opposite  30-409  501 

Approximate  diffalt.  of .  .         .  110 
Add  correction  table  6 "3 


True  difference  of  altitude     .         116'3 

DR.  BUTTON'S  RULE  for  the  calculation  of  altitudes  by  the 
barometer  is  as  follows  : — First  correct  the  heights  of  the  mercury, 
or  reduce  them  to  the  same  temperature,  increasing  the  colder,  or 
diminishing  the  warmer,  by  -^-gVo  Par^  f°r  ev^ry  degree  of  differ- 
ence between  them  as  shown  by  the  attached  thermometer. 

2nd.  Take  the  difference  of  the  common  logarithms  of  the 
heights  of  the  barometer  thus  corrected,  setting  off  four  figures 
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from  the  left  hand  for  integers,  which  will  be  an  approximate 
height  in  fathoms. 

3rd.  Correct  the  number  last  found  for  the  atmospheric 
temperature  shown  by  the  detached  thermometers  as  follows  : — 
For  every  degree  that  the  mean  of  the  two  differs  from  31°,  take 
so  many  T^-r  parts  of  the  fathoms  above  found,  and  add  them  if 
the  temperature  be  above  31°,  but  subtract  them  if  below,  for  the 
true  difference  of  altitude  in  fathoms.*  The  same  example  as 
before  is  thus  solved  by  this  rule  : 
30-278 


9600 


=      -003 
30-278  add 


30-281 


30-409  log.       = 
30-281  log.       = 


Approximate  alt.  fathoms 
Correction  for  temperature 


1-4830021 
1-4811702 

.0018319 

18-319 

1116 


.57 
58 

57'5  mean. 
31'  subtract. 

26-5 


18-3x26-5 
435 


=  1116 


True  altitude  in  fathoms 


19-435 
6 


Or  in  feet         116'61 


Where  no  table  of  logarithms  is  at  hand,  the  following  rule  is 
given  in  Mr.  Hewlett's  paper  for  the  altitude  : — 

a  —  d'ff  b   •  x  ^820  +  **8'4i  X  sum  detached  thermometers 

sum  of  barometers. 

Approximate  altitude  =  a  —  a  ('00006  X  lat.  in  degrees). 

This  is  nearly  correct  up  to  2500  ft.  ;  for  a  greater  altitude 
apply  the  following  correction  : — 

True  alt.  =  approx.  alt.  +  £  approx.  alt.  x  /dlff-  bar-V 

\sum.bar.y 

*  In  this  rule  of  Dr.  Hutton's,  as  in  Jones's  tables,  there  is  no  correction  for 
latitude.  One  of  the  latter,  I  have  also  been  informed,  is  erroneous  ;  but  they  will, 
at  all  events,  give  good  approximate  results,  which  is  all  that  is  generally  required  of 
the  mountain  barometer. 
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The  computation  of  heights  from  barometrical  observations 
without  the  use  of  logarithms  is  also  much  facilitated  by  the  aid 
of  the  following  tables  constructed  by  Mr.  J.  O.  Farrell  of  the 
Ordnance  Survey,  which  are  applicable  to  all  ordinary  cases. 


TABLE  I. 


Mean  Reading  of  Barometer. 

Proportional  Part 
for  Hundreds. 
Subtract. 

i 

Tenths. 

| 

•o 

•1 

•2 

•3 

"4 

•5 

•6 

•7 

*8 

•9 

•02 

•04 

•06 

•08 

25 

1004-9 

999-9 

995-0 

990-1 

985-3 

980-5 

975-8 

971-1 

966-5 

961-9 

i-o 

1-9 

2-9 

3-8 

26 

957-4 

952-9 

948-4 

944-0 

939-7 

930-4931-1 

926-9922-8918-6 

0-9 

1-7 

2-6 

3-4 

27 

914-4 

910-5 

906-5 

902-5 

898-6 

894-7890-8 

887-0883-3879-5 

0-8 

1-5 

2-3 

3-1 

28 

875-8 

872-1 

868-5 

864-9 

861-3 

857-8  854-3 

850-8'847'4  844-0 

0-7 

1-4 

2-1 

2-8 

29 

840-6 

837-2 

833-9 

830-6827-3 

824-1 

820-9 

817-7 

814-5!811-4 

0-6 

1-3 

1-9 

2-6 

••so 

808-3808-2 

802-1 

799-0796-0 

793-0790-0 

787-0 

784-1 

781-2 

0-6 

1-2 

1-8 

2-4 

TABLE  II. 


Difference  of 

Mean  of  Detached  Thermometers. 

Prop.  Parts  for  Difference  of 

Attached 

Corrections  in  Feet 

Thermometers. 

Difference, 
Atti-  Therm. 

Prop.  Parts. 

40° 

60° 

80° 

0 

0 

0 

° 

0 

Ft. 

10 

24 

25 

26 

4 

10- 

20 

48 

50 

52 

5 

125 

30 

71 

74 

77 

6 

15- 

40 

95 

99 

103 

7 

17-5 

50 

119 

124 

129 

8 

20- 

60 

143 

149 

155 

9 

22-5 

To  use  these  tables  add  the  tabular  number  from  Table  I.  cor- 
responding to  the  half  sum  of  the  readings  of  the  barometers 
(corrected  for  instrumental  errors)  to  the  sum  of  the  readings  of 
the  detached  thermometers,  and  multiply  this  sum  by  the  differ- 
ence of  the  barometers — then  from  the  product  thus  found 
subtract  (or  add  if  the  reading  of  the  upper  attached  thermometer 
be  the  greater)  the  correction  from  Table  II.  corresponding  to  the 
difference  of  the  attached  thermometers  found  in  the  column 
headed  "  Mean  of  detached  Thermometers  "  which  most  nearly 
corresponds  with  their  mean  reading. 

The  following  example  being  the  same  as  that  worked  out  by 
Mr.  Baily's  formula  in  p.  112,  shows  the  application  of  this 
simple  rule. 


A  -f 


0      -=• 
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BAROMETERS'. 

At  High- Water  Mark 
Parade,  Brompton  Barracks 


30-409 
30-278 

2)60-687 


sum 


ATTACHED  THERMS.  DETACHED  THERMS. 

58 
57 


60 


Difference.     Barometers 


Diff.  Attached  Therms. 
Mean  Detached  Therms. 


Diff.     1° 

Add  from  Table  I.  797  '8 

Sum        .     .  912-8 
Multiply  by  '131 


Product.  Product 

Correction,  Table  II.     Subt.     2 -5 


Altitude 

True  altitude  by  levelling 


117-0  feet. 
115- 


This  process  is  still  further  simplified  by  adding  or  subtracting 
as  the  case  may  be,  2J  times  the  difference  of  the  attached 
thermometers  in  lieu  of  the  correction  found  in  Table  II. 

ANEROID. — This  well-known  description  of  barometer,  is  found 
a  most  valuable  substitute  for  the  mercurial  barometer  in  the 
determination  of  altitudes,*  being  much  more  portable,  and 
not  subject  to  the  same  derangement  and  risk  of  fracture  by 
carriage  as  the  other  more  delicate  instrument.  The  pressure  of 
the  atmosphere  is  also  the  motive  power  in  this  invention ;  but  its 
application  is  totally  different  from  that  of  the  barometer,  as  it  is 
made  to  act  not  on  the  surface  of  a  fluid,  but  upon  the  top  of  a 
shallow  cylindrical  metal  box,  from  which  the  air  has  been  ex- 
hausted and  a  small  quantity  of  gas  introduced  into  what  other- 
wise would  have  been  a  vacuum,  for  the  purpose  of  compensating 
(by  its  expansion  with  the  increase  of  temperature)  for  the  ten- 
dency to  collapse  consequent  upon  the  loss  of  elasticity  thereby 
caused  in  the  metal.  The  top  and  bottom  of  the  box  are  forcibly 
separated  and  kept  in  this  state  of  tension  by  a  plate  acting  as  a 
lever,  the  end  farthest  from  the  central  point  by  which  the  box  is 
supported  resting  upon  a  spiral  spring.  The  increase  or  diminu- 
tion of  the  atmospheric  pressure  upon  the  surface  of  the  box  de- 
presses or  elevates  this  end  of  the  lever,  with  which  two  other 
levers  are  connected  ;  the  last  acting  by  means  of  a  piece  of  watch- 
spring  on  the  roller  upon  the  axis  of  which  is  fixed  the  hand  that 


*  They  are  now  constructed  to  read  to  altitudes  of  15,000  feet  or  more. 
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indicates  upon  the  dial  the  degree  of  pressure  ;  a  flat  spiral  spring 
also  acts  slightly  upon  this  roller,  always  against  the  levers ;  and 
thus  keeps  the  hand,  which  would  otherwise  remain  stationary 
after  being  propelled  to  its  full  distance,  in  constant  unison  with 
the  varying  fluctuations  of  the  atmosphere. 

In  measuring  altitudes  by  the  aneroid  the  same  rules  for  calcu- 
lating the  heights  hold  good  as  with  the  barometer ;  but  in  the 
present  imperfect  state  of  the  instrument  the  precaution  appears 
necessary  to  be  attended  to  of  ascertaining  by  trial  the  actual 
value  in  feet  of  the  graduations  on  the  dial ;  and  also  the  effect 
produced  upon  these  results  by  any  change  of  temperature,  as 
different  instruments  will  be  found  to  vary  in  these  particulars. 

The  sketch  below  of  the  interior  of  the  aneroid,  the  dial  plate 
being  supposed  to  have  been  removed,  is  taken  from  an  extract 

from  Mr.  Dent's  treatise  on 
the  instrument  in  the  "  Aide 
Memoir  e." 

D  D  is  the  cylindrical  va- 
cuum box  ;  C  C  the  lever, 
to  the  end  of  which  is  at- 
tached the  vertical  rod  i, 
connecting  it  with  the  other 
levers  acting  by  means  of  a 
piece  of  watch  spring  upon 
the  roller  carrying  the  index 

hand.  An  alteration  in  the  distance  of  leverage  to  regulate  the 
movement  of  this  hand,  so  as  to  correspond  with  the  scale  of 
a  mercurial  barometer,  is  managed  by  means  of  the  screws  e 
and  6. 

The  position  of  the  hand  is  made  to  coincide  with  the  indica- 
tion of  a  barometer  by  means  of  the  screw  A  (to  be  touched  for  no 
other  purpose),  which  effects  the  object  by  raising  or  depressing 
the  lever  C.  . 

Much  has  yet  to  be  done  in  improving  this  instrument,  for 
there  is  a  liability  to  uncertainty  in  its  action  which  detracts  from 
its  usefulness. 

Some  are  not  sufficiently  sensitive,  and  it  will  be  found  in 
descending  rapidly  2000  to  3000  feet  and  ascending  again  that  the 
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altitudes  of  intermediate  stations  are  shown  as  higher  in  descending 
than  in  ascending,  unless  a  halt  is  made  at  each  point  of  a  few 
minutes  to  allow  of  the  instrument  settling  itself. 

Most  aneroids  now  have  the  altitudes  marked  on  the  outer  side 
of  the  line,  with  the  inches  on  the  inner  side,  the  zero  or  mean  sea 
level  being  29*5  in.,  this  saves  a  considerable  amount  of  calculation 
in  rough  work ;  but  the  most  useful  instrument  has  a  moveable 
scale  of  heights  which  can  be  set  each  morning  to  any  zero,  and 
thus  saves  all  trouble  throughout  the  day  in  computing  the  observed 
height. 

METALLIC  BAROMETER. — Still  more  recently  Mr.  Bourdon  has 
introduced  another  substitute  for  the  barometer,  now  sold  under 
the  name  of  the  Metallic  Barometer,  which  is  even  more  sensitive 
than  the  aneroid,  but  would  probably  be  more  liable  to  injury  in 
travelling.  The  theory  of  this  instrument  is  that  a  bent  hollow 
tube,  the  transverse  section  of  which  is  not  a  perfect  circle,  cannot 
expand  transversely  when  under  pressure  from  the  atmosphere 
without  also  opening  outwards  in  the  whole  curve;  one  end  of  this 
being  fixed,  the  other  has  a  certain  amount  of  play  varying  with 
the  pressure,  and  to  this  end  is  attached  the  machinery  for 
moving  the  index.  This  same  principle  has  been  also  applied 
most  successfully  by  Mr.  Bourdon  to  the  steam  gauge  and  other 
purposes. 

SUBSTITUTE  FOR  THE  BAROMETER. — A  contrivance  for  measur- 
ing altitudes  was  proposed  by  Sir  John  Robinson,  Secretary  to  the 
Royal  Society  of  Edinburgh,  at  one  of  the  meetings  of  the  British 
Association  at  Newcastle.*  The  instrument  consisted  of  a  glass 
tube,  about  one  and  a  quarter  inch  in  diameter  and  fourteen  inches 
long  with  a  small  bulb  at  the  end,  the  capacity  of  which  was  three 
or  four  times  that  of  the  inside  of  the  tube,  and  the  graduations  on 
the  stem  of  the  tube  were  formed  experimentally  by  the  maker  in 
the  following  manner  : — 

The  instrument  was  suspended  within  the  receiver  of  an  air- 
pump  over  a  cup  containing  water  at  the  temperature  of  62°,  the 
mercurial  barometer  standing  at  30  inches.  The  air  in  the 
receiver  being  exhausted  to  a  degree  of  rarefaction  corresponding 

*  A  description  of  this  instrument  is  given  in  the  "Mechanics'  Magazine,"  for 
October,  1839. 
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to  twenty-nine  inches  of  the  barometer,  the  lower  end  of  the 
instrument  was  immersed  in  a  cup  of  water ;  and  air  being  ad- 
mitted into  the  receiver,  the  exhaustion  was  repeated  until  the 
barometer  gauge  indicated  a  pressure  equal  to  twenty-eight  inches 
when  a  corresponding  mark  was  made  on  the  tube,  the  air  being 
in  like  manner  admitted  after  its  re-immersion.  By  the  repeti- 
tion of  this  process  the  graduation  of  the  stem  was  carried  on  as 
far  as  was  necessary. 

With  several  tubes  thus  graduated,  an  observer  in  a  hilly  country 
may  ascertain  the  density  of  the  atmosphere  on  the  summits  of 
different  elevations,  by  sending  an  assistant  to  each  with  one  of 
these  tubes,  and  a  tin  case  containing  water.  They  are  taken  up 
with  the  stems  open,  and  (the  air  within  each  partaking  of  the 
density  of  that  at  the  station)  the  mouth  of  the  tube  is  put  into  the 
water,  and  left  in  it  as  the  assistant  descends.  The  water  will 
rise  in  the  stem  as  the  density  of  the  atmosphere  increases,  and 
will  indicate  by  its  height  the  degree  of  rarefaction  of  the  air  at 
the  upper  station — a  correction  being  made  for  the  variation  of 
the  barometer  from  the  standard  height,  and  also  for  that  of  the 
temperature  of  the  atmosphere. 

This  substitute  for  the  expensive  and  delicate  mercurial  moun- 
tain barometer  would,  from  its  portability  and  simplicity,  be 
useful  in  roughly  determining  comparative  altitudes  in  a  moun- 
tainous country,  but  of  course  much  accuracy  cannot  be  expected 
from  it. 

THE  PATENT  MERCURIAL  POCKET  STANDARD  BAROMETER. — 
In  this  instrument  (constructed  by  Casella)  the  mercury  is  raised 
from  the  cistern  to  the  zero  point  by  means  of  a  screw,  air  being 
admitted  and  compressed  at  each  observation.  The  body  and 
cistern  can  be  separated  for  convenience  of  carriage.  It  has  been 
highly  recommended  for  ascertaining  heights,  but  no  results 
obtained  by  it  have  as  yet  been  published. 

THERMOMETRIC  HYPSOMETER. — Another  method  of  obtaining 
approximate  differences  of  altitude  is  by  a  comparison  of  the 
temperatures  of  boiling  water  (which  vary  with  the  pressure  of  the 
atmosphere),  upon  which  a  paper  was  some  years  since  published 
by  Colonel  Sykes,  who  practised  it  extensively  in  India.*  As  the 

*  I  ascertained  lately  the  approximate  altitudes  above  the  sea  of  a  number  of 
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necessary  apparatus  is  exceedingly  simple,  and  the  instrument  not 
so  liable  to  injury  as  the  barometer,  and  much  more  portable  and 
easily  replaced,  I  have  taken  from  this  paper,  (which  will  be  found 
in  the  8th  number  of  the  "  Geographical  Journal,")  the  tables 
computed  by  Mr.  Prinsep  to  facilitate  the  computation  of  altitudes, 
and  also  the  examples  given  by  Colonel  Sykes,  which  render  their 
application  evident  without  further  explanation. 

The  results  deduced  from  the  use  of  these  tables  appear  always 
rather  less  than  those  obtained  from  careful  barometrical  obser- 
vations, and  also  less  than  those  calculated  from  the  different 
formulae,  which  have  been  arranged  for  the  determination  of 
altitudes  by  this  method,  but  which  do  not  all  agree.  The  results 
of  a  number  of  careful  observations  made  with  the  thermometer 
compared  with  those  obtained  at  the  same  time  with  the  baro- 
meter, or  which  have  been  ascertained  by  levelling,  or  trigonome- 
trically,  will  afford  the  means  of  making  any  necessary  corrections 
in  the  tables,  which  however,  giving  so  close  an  approximation, 
deserve  to  be  more  generally  known  and  made  use  of. 

The  accompanying  sketch  and  explanation, 
taken  from  Col.  Sykes's  pamphlet,  show  the 
whole  apparatus  required: 

A.  A  common  tin  pot,  9  inches  high  by  2  in. 
diameter. 

B.  A   sliding  tube  of  tin,   moving  up   and 
down   in    the   pot ;    the  head   of  the   tube   is 
closed,  but  has  a  slit  in  it,  C,  to  admit  of  the 
thermometer  passing  through  a  collar  of  cork, 
which  shuts  up  the  slit  where  the  thermometer 
is  placed. 

D.  Thermometer,!  with  as  much  of  the  scale 
left  out  as  may  be  desirable. 

E.  Holes  for  the  escape  of  steam. 

places  in  Australia  by  this  method  ;  many  of  these  were  afterwards  tested  by  the 
triangulation,  and  the  results  proved  even  more  satisfactory  than  I  had  anticipated. 

t  Thermometers  are  made  expressly  for  this  method  of  determining  altitudes,  the 
graduations  being  on  a  very  large  scale,  and  extending  only  a  limited  number  of 
degrees  above  and  below  212°  Fahrenheit.  Any  common  brewer's  thermometer,  with 
a  metal  pot  or  saucepan,  will,  however,  answer  the  purpose  when  in  want  of  the 
apparatus  described  above. 
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The  pot  is  filled  four  or  five  inches  with'  pure*  water;  the 
thermometer  fitted  into  the  aperture  in  the  lid  of  the  sliding  tube 
by  means  of  a  collar  of  cork  ;  and  the  tin  sliding  tube  pushed  up  or 
down  to  admit  of  the  bulb  of  the  thermometer  being  about  two 
inches  from  the  bottom  of  the  pot. 

Before  using  a  thermometer  for  this  purpose,  it  is  necessary  to 
ascertain  if  the  boiling  point  is  correctly  marked  for  the  level  of 
the  sea  by  a  number  of  careful  observations,  and  the  difference,  if 
any,  must  be  noted  as  an  index  error.  It  is  always  desirable  to 
have  two  or  more  thermometers  which  have  been  thus  tested  ;  and 
in  all  observations  the  temperature  of  the  air  at  the  time  should 
be  noted,  f 

The  Alpine  Hypsometer  has  lately  been  much  used  ;  it  is  about 
six  inches  long  by  two  and  a  half  in  diameter,  and  only  weighs 
about  13  ounces. 


*  The  apparatus  has  lately  been  much  improved,  and  any  kind  of  water  may  now 
be  used  :  the  thermometer  is  sheltered  by  a  double  telescopic  chamber,  the  vapour 
completely  filling  the  inner  portion  and  descending  from  the  upper  part  of  it  into 
the  outer  portion. 

t  Captain  Palmer,  R.E.,  in  his  account  of  the  Sinai  Survey  (1869),  states  that 
hypsometers  were  tried  on  many  occasions,  but  nearly  always  with  discordant  and 
unsatisfactory  results.  Out  of  thirteen  comparisons  of  hypsometric  heights  with  those 
found  with  the  mountain  barometer  (Gay-Lussac)  and  vertical  angles,  in  two  cases  only 
was  there  close  agreement.  In  the  remainder  the  hypsometric  values  varied  from  54 
to  333  feet  below,  and  from  184  to  384  feet  above  the  true  altitude.  They  differed 
in  the  most  irregular  and  unaccountable  manner,  and  no  weight  was  attached  to 
them.  The  altitudes  of  some  of  the  points  were  from  7000  to  8000  feet.  He  draws 
the  following  conclusion  :  (1)  That  at  high  altitudes  hypsometers  are  not  to  be 
depended  on  for  any  but  the  roughest  approximation  ;  (2)  that  aneroids,  per  se,  are 
almost  worthless  for  absolute  determinations,  and  are  only  of  service  when  used,  as 
at  Sinai,  in  direct  connection  with  standard  mercurial  barometers  at  various  heights, 
or  for  filling  details  of  a  survey  between  datum  points  of  known  altitudes. 
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TABLE  I. 

TO   FIND   THE  BAROMETRIC  PRESSURE   AND   ELEVATION   CORRESPONDING  TO  ANY 
OBSERVED  TEMPERATURE  OF   BOILING  WATER   BETWEEN   214°   AND   180°. 


Boiling 
Point 
of  Water. 

Barometer 
Modified  from 
Tredgold's 
Formula. 

Logarithmic 
Differences 

or  Fathoms. 

• 

Total 
altitude 
from  30  -03  in. 
or  the  Level 
of  the  Sea. 

Value  of  each 
Degree  in  Feet 
of  Altitude. 

Proportional 
Part  for  One- 
tenth  of  a 
Degree. 

0 

Feet. 

Feet. 

Feet. 

214 

31-19 

00-84-3 

-1013 

-505 

... 

213 

30-59 

84-5 

507 

-507 

212 

30-00 

84-9 

0 

+  509 

211 

29-42 

85-2 

+  509 

511 

51 

210 

28-86 

85'5 

1021 

513 

209 

28-29 

85-8 

1534 

515 

... 

208 

27-73 

86-2 

2049 

517 

207 

27-18 

86-6 

2566 

519 

52 

206 

26-64 

87-1 

3085 

522 

... 

205 

26-11 

87-5 

3607 

524 

... 

204 

25-59 

87-8 

4131 

526 

... 

203 

25-08 

88-1 

4657 

528 

202 

24-58 

88-5 

5185 

531 

53 

201 

24-08 

88-9 

5716 

533 

... 

200 

23-59 

89-3 

6250 

536 

199 

23-11 

89-7 

6786 

538 

198 

22-64 

90-1 

7324 

541 

54 

197 

22-17 

90-5 

7864 

543 

... 

196 

21-71 

91-0 

8497 

546 

195 

21-26 

91-4 

8953 

548 

194 

20-82 

91-8 

9502 

551 

55 

193 

20-39 

92-2 

10053 

553 

... 

192 

19-96 

92-6 

10606 

556 

... 

191 

19-54 

93-3 

11161 

558 

... 

190 

19-13 

93-4 

11719 

560 

56 

189 

18-72 

93-8 

12280 

563 

... 

188 

18-32 

94-2 

12843 

565 

... 

187 

17-93 

94-8 

13408 

569 

57 

186 

17-54 

95-3 

13977 

572 

185 

17-16 

95-9 

14548 

575 

58 

184 

16-79 

96-4 

15124 

578 

183 

16-42 

96-9 

15702 

581 

58 

182 

16-06 

97-4 

16284 

584 

... 

181 

1570 

97-9 

16868 

587 

180 

15.35 

17455 

59 

The  Fourth  Column  gives  the  Heights  in  Feet. 
*  See  Button's  Rule,  p.  117. 
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TABLE  II. 

TABLE  OF  MULTIPLIERS  TO   CORRECT  THE  APPROXIMATE  HEIGHT  FOR  THE 
TEMPERATURE   OF  THE   AIR. 


Temperature 
of  the  Air. 

Multiplier. 

Temperature 
of  the  Air. 

Multiplier. 

Temperature 
of  the  Air. 

Multiplier. 

o 

o 

32 

1-000 

5°2 

1-042 

72 

1-083 

33 

1-002 

53 

1-044 

73 

1-085 

34 

1-004 

54 

1-046 

74 

1-087 

35 

1-006 

55 

1-048 

75 

1-089 

36 

1-008 

56 

1-050 

76 

1-091 

37 

1-010 

57 

1-052 

77 

1-094 

38 

1-012 

58 

1-054 

78 

1-096 

39 

1-015 

59 

1-056 

79 

1-098 

40 

1-017 

60 

1-058 

80 

1-100 

41 

1-019 

61 

1-060 

81 

1-102 

42 

1-021 

62 

1-062 

82 

1-104 

43 

1-023 

63 

1-064 

83 

1-106 

44 

1-025 

64 

1-066 

84 

1-108 

45 

1-027 

65 

1-069 

85 

1-110 

46 

1-029 

66 

1-071 

86 

1-112 

47 

1-031 

67 

1-073 

87 

1-114 

48 

1-033 

68 

1-075 

88 

1-116 

49 

1-035 

69 

1-077 

89 

1-118 

50 

1-037 

70 

1-079 

90 

1-121 

51 

1-039 

71 

1-081 

91 

1-123 

When  the  water  (with  the  thermometer  immersed)  has  been 
boiled  at  the  foot  and  at  the  summit  of  a  mountain,  nothing  more 
is  necessary  than  to  deduct  the  number  in  the  column  of  feet 
opposite  the  boiling  point  below,  from  that  opposite  the  boiling 
point  above :  this  gives  an  approximate  height,  to  be  multiplied  by 
the  number  opposite  the  mean  temperature  of  the  air  in  Table  II,, 
for  the  correct  altitude. 

Boiling  point  at  summit  of  Hill  Fort  of        0       Feet. 

Purundhur,  near  Puna 204-2=4027 

Boiling  point  at  Hay  Cottage,  Puna .     .     .    208.7 = 1 690 

Approximate  height     2.337 
Temperature  of  the  air  above    .     75° 
ditto  ditto         below    .     83 

Mean  79  —  Multiplier     T098 

Correct  altitude     2566  feet. 
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When  the  boiling  point  at  the  upper  station  alone  is  observed, 
the  lower  being  the  level  of  the  sea,  or  the  register  of  a  distinct 
barometer,  then  the  barometric  reading  had  better  be  converted 
into  feet  by  the  usual  method  of  subtracting  its  logarithm  from 
1-47712  (log.  of  30  inches)  and  multiplying  by  6,  as  the  differences 
in  the  column  of  "  barometer "  vary  more  rapidly  than  those  in 
the  "feet"  column  (Hutton's  rule,  page  117). 

Feet. 

Example. — Boiling  point  at  upper  station'.     .     .     185°  =14548 
Barometer  at  Calcutta  (at  32°)  2975 
Then  l-477l2-r47349  =  '00363 
Setting   off  four  figures   gives  36*3 
fathoms,  which  x  6  (to  reduce  to  feet)  218 

Approximate  height      .     .     .     14330 
Temperature,  upper  station,  76° 
ditto         lower,  84 

Mean  temperature  ...     80  Multiplier") 

Table  II.    / 

True  altitude 15763 

Assuming  30 -00  inches  as  the  average  height  of  the  barometer 
at  the  level  of  the  sea  (which  is  however  too  much),  the  altitude 
of  the  upper  station  is  at  once  obtained  by  inspection  in  Table  I., 
correcting  for  temperature  of  the  stratum  of  air  traversed,  by 
Table  II. 

In  moderate  elevations,  the  difference  of  one  degree  in  the 
temperature  at  which  water  boils,  indicates  a  change  of  level  of 
about  500  feet,  nearly  equivalent  to  what  would  be  shown  by  a 
difference  of  0'6  of  an  inch  in  a  mercurial  barometer. 

The  great  value  of  the  thermometric  hypsometer  will  be  found 
in  checking  the  aneroid  in  the  determination  of  great  heights ;  for 
from  one  cause  or  another  the  latter,  at  times,  while  accurately 
marking  the  difference  of  level  of  a  few  feet  is  entirely  in  error  as 
to  the  total  height. 


CHAPTER  VII. 

PLOTTING,   PENNING  IN,   SHADING,   COPYING  AND    ENGRAVING 
TOPOGRAPHICAL  PLANS. 

DRAWING  PAPER. — Where  accuracy  is  required  great  care  must 
be  taken  in  the  selection  and  management  of  drawing  paper  ;  the 
practice  of  damping  and  stretching  the  paper  on  a  drawing  board 
should  not  be  resorted  to,  and  should  it  have  been  recently 
obtained  from  the  manufactory  it  will  be  necessary  to  keep  it  for 
three  or  four  weeks  exposed  to  the  same  temperature  as  the  room 
in  which  it  will  be  used,  and  when  once  in  use  it  is  desirable  to 
keep  the  moisture  of  the  atmosphere  as  uniform  as  is  practicable. 

The  importance  of  this  will  be  understood  when  it  is  mentioned 
that  paper  expands  and  contracts  unequally  in  proportion  to  its 
length  and  breadth,  and  is  liable  to  alter  one-hundredth  part  of 
its  whole  length  in  a  few  hours  when  exposed  to  atmospheric 
extremes. 

The  size  mostly  in  use  on  the  Ordnance  Survey  is  double 
elephant  (40  by  27  inches) ;  antiquarian  (53  by  31  inches)  is 
often  used  on  surveys  when  it  is  desirable  to  get  as  much  as  pos- 
sible into  one  sheet  of  paper.  It  will  rarely  be  found  that  any 
large  sheet  of  drawing  paper  has  a  perfectly  plane  surface,  it  is 
generally  in  the  form  of  the  surfaces  of  two  truncated  cones  spread 
out  and  pieced  together  at  the  edges  nearer  the  vertices ;  this 
appears  to  result  from  drying  the  paper  in  the  manufactory  on  a 
saddle,  when  the  outer  portions  (for  want  of  sufficient  support) 
stretch  more  than  the  interior  and  consequently  the  paper  will 
never  lie  perfectly  flat  when  ready  for  use.  This  evil  appears 
more  noticeable  in  antiquarian  than  double  elephant.  The  error 
can  be  at  once  observed  by  laying  a  steel  straight  edge  near  the 
outer  edge  of  paper  and  drawing  a  straight  line  along  in  the  direc- 
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tion  of  its  length ;  remove  it,  and  lay  a  wooden  straight  edo-e 
lightly  on  the  paper  and  it  will  be  found  that  the  line  previously 
drawn  -straight  is  now  curved  ;  again  draw  a  rectangle  on  paper 
50  by  29  inches  with  steel  straight  edge,  and  it  will  be  found  that 
though  at  ends  it  measure  29  inches,  at  centre  it  only  measures 
28 '94  inches,  making  a  difference  of  2  to  3  feet  on  a  scale  of  T-L-, 
and  giving  the  plotter  considerable  trouble  in  adjusting  the  work. 

MOUNTING  PLANS.* — When  damped,  paper  expands,  calico  con- 
tracts ;  to  mount  paper,  nail  the  calico  when  dry  with  tin  tacks  to 
the  drawing  board,  damp  with  water,  lay  on  paste  with  solution  of 
alum  and  scrape  it  off  till  it  presents  a  smooth  surface,  then  lay 
the  paper  (having  been  previously  damped)  upon  the  calico,  com- 
mencing at  one  end,  gently  dabbing  with  a  damp  sponge,  as  each 
portion  comes  on  the  calico — this  will  remove  most  of  the  confined 
air;  but  should  any  remain  between  paper  and  calico,  dab  the 
sponge  on  the  paper  behind  it  and  drive  it  to  the  side,  being 
careful  not  to  rub  the  sponge  along  the  surface  of  the  paper.  If 
the  paper  is  made  too  wet  the  sponge  will  in  any  case  remove 
some  of  the  surface  and  prevent  the  colour  laying  on  evenly. 

Drawing  tables  and  boards  must  have  perfectly  plane  surfaces  ; 
the  best  construction  is  that  which  allows  of  the  surface  freely 
expanding  and  contracting  while  at  the  same  time  no  warping  is 
possible.  Mr.  Hewlett's  method,  described  in  Vol.  V.,  R  E.  Profl. 
Papers,  leaves  little  to  be  desired. 

SHEET  LINES  AND  PLOTTING. — On  extensive  surveys  or  large 
scale  plans  when  the  work  cannot  be  plotted  on  one  piece  of  paper 
it  will  be  found,  as  a  rule,  far  more  expeditious,  economical,  and 
accurate  to  draw  the  work  on  several  sheets  of  paper  than  to 
attempt  to  mount  them  all  together  to  form  one  plan ;  if  the 
sheets  are  required  eventually  to  be  put  together  it  can  be  so 
arranged  after  the  penning  in. 

After  having  settled  upon  some  uniform  size  for  the  rectangles 
(3  feet  by  2  feet  is  used  on  the  Ordnance  Survey)  the  angle  points 
are  carefully  laid  down  by  a  beam  compass  on  all  the  sheets  when 
at  the  same  temperature  ;  if  this  is  not  attended  to  there  will  be  a 


*  Plans  are  not  usually  mounted  unless  they  are  to  be  hung  or  rolled  up  or  sub- 
jected to  rough  usage. 
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discrepancy  in  the  size  of  the  plates.  It  is  desirable  that  when  the 
rectangles  are  marked  off  the  thermometer  and  hygrometer  may  be 
registered,  and  the  length  of  the  boxwood  and  ivory  scales  tested 
by  the  same  beam  compass;  after  this  is  done  the  sheet  lines* 
become  the  standards  of  length  to  which  the  scales  are  referred  in 
plotting,  i.e.,  supposing  on  a  scale  -^-o  the  sheet  line  on  laying 
down  measured  1200  feet  by  the  boxwood  scale,  it  may  be  found  a 
week  after  on  a  very  damp  morning  that  it  measures  1202  feet, 
and  consequently  a  corresponding  allowance  will  have  to  be  made 
by  the  plotter  so  long  as  the  paper  remains  in  this  expanded  state  ; 
otherwise  the  distances  laid  down  will  be  too  short  when  the  paper 
returns  to  its  proper  portions.  Sheet  lines  run  generally  north 
and  south,  east  and  west,  the  north  being  at  top  of  paper ;  and  in 
order  that  the  positions  of  the  trigonometrical  points  with  regard 
to  the  plates  may  be  obtained,  it  is  necessary  to  connect  these  lines 
with  the  net  work  of  the  triangulation ;  for'  this  purpose  any 
one  of  the  trigonometrical  points  in  the  triangulation  is  arbitrarily 
fixed  with  reference  to  co-ordinate  axes  drawn  in  the  direction  of 
the  cardinal  points  :  from  which  point  (the  azimuth  angle  of  any 
convenient  side  having  been  obtained)  the  positions  of  the  whole 
of  the  A  points  can  be  calculated  with  reference  to  these  axes. 
This  being  done,  and  the  origin  being  made  the  corner  of  a  plate, 
it  is  now  a  matter  of  subtraction  of  the  lengths  of  the  sheet  lines  to 
ascertain  the  positions  of  the  A  points  in  their  particular  plates. 
The  cuttings  of  the  measured  sides  of  the  triangles  on  the  sheet 
lines  can  be  obtained  by  calculation  in  the  same  manner. 

It  is  thus  seldom  necessary  to  put  more  than  two  sheets  together 
at  one  time,  and  this  only  when  plotting  the  cut  ting-up  lines  ;  the 
plotting  itself  being  carried  across  the  sheet  edge  somewhat  and 
transferred;  sometimes  it  is  found  necessary  to  have  a  special 
examination  and  adjustment  for  the  work  about  the  sheet  lines ; 
but  this  is  hardly  necessary  if  the  plotter  lays  down  the  work  with 
care,  and  notes  the  effects  of  the  atmosphere  on  the  paper.  It  is 
suggested  that,  as  a  rule,  the  sides  of  triangles  and  cutting-up  lines 
may  be  laid  down  by  one  of  the  seniors  in  the  office,  while  the 
plotting  of  the  detail  may  be  performed  by  a  subordinate. 

*  The  marginal  lines  or  sides  of  the  rectangles  or  plates. 
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Whether  this  is  done  or  not,  the  plotting  of  the  lines  should  be 
tested  and  approved  of  before  any  plotting  of  detail  is  attempted  : 
it  often  happens  that  lines  may  have  to  be  measured  over  again 
on  account  of  clerical  errors  in  booking.  An  expert  plotter  can 
frequently  point  out  the  exact  point  where  the  error  has  occurred 
from  comparison  of  the  connecting  lines. 

For  plotting  from  the  field-books  the  lines  and  offsets  measured 
during  the  progress  of  the  work,  "  plotting-scales "  of  various 
sizes  and  descriptions  are  used.  One  of  these  contrivances  con- 
sists of  an  ivory  scale  with  a  dove-tailed  groove  in  the  middle 
running  nearly  its  whole  length,  in  which  slides  at  right  angles  to 
the  principal  scale,  a  shorter  one  projecting  on  each  side  as  far  as 
necessary ;  for  marking  the  offset  distances  right  and  left  both 
have  fiducial  edges  on  each  side,  divided  into  chains  and  links 
according  to  the  scale  upon  which  the  survey  is  to  be  plotted. 
Some  surveyors  prefer  the  two  scales  detached,  the  offset  scale 
merely  sliding  along  the  edge  of  the  other.  The  expansion  and 
contraction  of  the  length  of  ivory  scales  renders  them  unsuitable 
in  warm  climates  where  there  is  much  variation  of  tempera- 
ture. Boxwood  scales  are  preferred,  but  they  must  be  used  very 
carefully. 

Several  matters  with  reference  to  plotting  are  mentioned  in 
notes  in  Chapter  IV.,  pages  50,  51,  and  59,  and  there  is  no  occasion 
to  touch  further  upon  the  subject. 

It  has  been  stated  in  Chapter  II.  that  a  standard  measure  is 
required  for  the  out-of-door  work  ;  it  is  also  required  for  the  office 
work,  in  order  that  the  beam  compasses  may  be  referred  to  it.  A 
standard  yard  is  sometimes  kept  for  this  purpose,  made  of  a  piece 
of  well  seasoned  oak  or  mahogany  with  brasses  let  in,  on  which 
the  extremities  of  the  yard  are  marked. 

It  is  a  most  difficult  matter  to  know  how  to  be  sufficiently 
careful  in  all  the  little  details  of  office  work  without  at  the  same 
time  wasting  labour  on  trifles  which  can  have  little  effect  upon  the 
value  of  the  survey;  experience  alone  can  teach  even  the  most 
intelligent  the  exact  proportion  of  care  to  bestow  upon  each  sub- 
ject in  order  to  bring  the  whole  work  up  to  a  uniform  level 
approaching  correctness. 

SCORING  TRIANGULATIONS.— In  surveys  plotted  on  one  sheet  of 

K   2 
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paper,  the  points  are  scored  by  means  of  a  beam  compass; 
in  doing  this  the  largest  triangle  should  be  selected  for 
first  laying  down  ;  if  possible  the  whole  of  the  triangulation 
should  be  laid  down  at  the  same  time,  and  scale  made  so  as  to 
avoid  the  trouble  of  computing  the  difference  for  expansion  or 
contraction. 

PROTRACTING  TRIANGULATIONS.— It  is  sometimes  desirable  to 
obtain  an  approximately  correct  diagram  of  the  triangulation,  as 
for  example  when  it  is  necessary  to  sketch  the  hills  before  the 
sides  of  triangles  have  been  calculated.  This  may  occur  in  a  wild 
country,  where  there  is  to  be  little  chain  surveying,  and  where  only 
a  limited  time  is  available.  The  A  points  can  then  only  be 
obtained  to  scale  by  laying  down  the  base  line  and  protracting  the 
angles  from  it  from  triangle  to  triangle  until  a  general  approxima- 
tion is  obtained  to  the  skeleton  triangulation,  within  which  the 
hills  may  be  sketched. 

The  Scales  now  adopted  on  the  Ordnance  Survey  are  : — 

1.  Towns  3^,  or  10'56  feet  (126'72  inches)  to  1  mile. 

2.  Parishes,  2$00,  or  25'344  inches  to  1   mile,  in  which   the 
English  acre  is  represented  by  1  square  inch. 

3.  Counties,  To-J--^,  or  6  inches  to  1  mile. 

4.  Kingdom,  -g33-6o,  or  1  inch  to  1  mile. 

In  different  stages  of  the  progress  of  the  survey  Scales  differing 
from  the  above  have  been  used ;  but  at  present  they  are  limited  to 
these  four,  which  have  been  adopted  as  being  best  suited  to  the 
different  descriptions  of  surveys.  The  first  is  perhaps  rather  in 
excess,  as  an  equal  amount  of  detail  could  be  shown  on  a  scale  of 
ToV  o">  or  5  feet  to  1  mile.  The  6-inch  scale  will  also  admit  of 
almost  the  same  amount  of  detail  as  that  of  25  inches.  Of  their 
relative  cost,  the  second,  that  of  Parishes,  is  estimated  at  HJd  or 
Is.  per  acre  ;  the  third  at  lOfd  for  cultivated,  and  Q^d.  for 
uncultivated  districts  ;  and  the  last,  1  inch  to  1  mile,  at  Si.  6s.  Sd. 
per  square  mile. 

REDUCING  PLANS. — The  whole  of  Ireland  and  the  rest  of  the 
United  Kingdom,  with  the  exception  of  the  southern  counties  of 
England  (surveyed  to  the  scale  of  2  inches  to  1  mile),  were  plotted 
on  the  scale  of  6  inches ;  these  plans,  as  well  as  those  on  the 
and  TFO  o"  scale,  had  all  to  be  reduced  (the  two  latter  first 
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to  the  6-inch)  to  the  one  uniform  scale  for  the  kingdom  of  1  inch 
to  1  mile,  the  methods  of  performing  which  will  now  be  ex- 
plained. These  reductions  were  made  generally  by  the  pen- 
tagraph, in  preference  to  using  proportional  compasses,  or  drawing 
squares  in  pencil  of  the  required  proportional  size  over  the  original 
and  the  paper  for  the  intended  reduced  copy  ;*  but  now  they  are 
effected  by  photography  down  to  the  6-inch  scale.  A  vast  saving 
of  time  and  labour  is  thus  effected,  as  by  the  old  process  three 
copies  or  tracings  on  the  6"  scale  by  hand  were  requisite,  one  for 
the  engraver,  one  on  which  to  fill  in  the  features  of  the  ground, 
contours,  &c.,  and  one  to  be  laid  under  the  pentagraph ;  whereas 
by  the  later  method  it  is  only  necessary  to  print  off  two  more  of 
the  photographic  impressions. 

In  the  pentagraph,  the  extreme  range  of  reduction  is  in  the 
proportion  of  12  to  1,  whereas  there  is  hardly  any  limit  to  that 
by  which  plans  may  be  reduced  by  photography  ;  the  reduction 
from  the  ^~Q  to  the  6-inch  scale  is  in  the  proportion  of  21  to  1, 
and  consequently  if  made  by  the  pentagraph  would  require  two 
separate  processes. 

The  plans  of  the  towns,  parishes,  and  counties,  containing  a 
much  greater  quantity  of  detail  than  could  be  crowded  into  the 
scale  of  1  inch  to  1  mile,  it  is  usual  in  the  reduction  by  the 
pentagraph,  or  any  other  method,  to  omit  in  the  reduced  drawings 
such  portions  of  this  minutias  as  appeared  necessary  or  advisable. 
A  difficulty  on  this  score  arose  in  the  adaptation  of  photography 
which  was  met  by  making  tracings  of  these  plans  on  prepared 
calico  omitting  the  superfluous  details,  from  which  tracings  the 
copy  by  photography  was  made  ;  and  more  recently  by  printing 
the  whole  impression  in  carmine  mixed  with  soap,  and  inking 
in  with  an  indelible  ink  such  portions  as  were  to  be  retained 

*  Plans  may  be  either  reduced  or  enlarged  by  means  of  a  sheet  of  vulcanised  India 
rubber.  In  the  former  case  the  sheet  is  first  stretched  upon  an  expanding  frame, 
and  the  plan  copied  on  its  surface  with  prepared  ink.  It  is  then  allowed  to  collapse 
to  the  required  scale,  and  the  impression  transferred  for  printing  off  either  upon 
stone  or  zinc.  When  an  enlarged  copy  is  wanted,  the  plan  is  drawn  upon  the  India 
rubber  in  its  normal  condition,  which  is  then  stretched  to  the  required  proportional 
scale,  and  the  expanded  copy  transferred  for  printing.  Copies  of  plans  upon  the 
same  scale  are  usually  made  by  the  method  of  equal  squares,— with  proportional 
compasses,^ — by  tracing  paper, — or  with  the  tracing  glass  mounted  upon  a  frame. 
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(which  alone  are  taken  up  by  the  instrument*),  exaggerating  as 
is  necessary  the  breadth  of  the  roads,  buildings,  &c. 

The  principal  use  made  of  photography,  upon  the  Ordnance 
Survey  has  been  confined  to  reduction  of  the  towns  on  the  ^--J-g- 
scale,  to  that  of  the  parishes  on  the  g-sVo?  and  of  the  latter  to  the 
scale  of  6  inches  to  1  mile  for  the  counties,  and  for  special  purposes; 
and  though  it  may  possibly  be  much  extended,  it  is  not  contem- 
plated to  apply  it  to  the  purpose  of  multiplying  plans  for  publica- 
tion, in  which  respect  it  cannot  bear  comparison  with  impres- 
sions on  copper  or  zinc,  either  as  regards  economy  or  rapidity  of 
execution. 

With  respect  to  accuracy,  although  theoretically  owing  to  the 
small  distortion  of  the  lens,  photographic  copies  and  reductions 
of  plans  can  never  be  perfectly  true,  they  are  practically  more  so 
than  those  obtained  by  the  pentagraph  or  any  known  method. 

Another  proposal  for  further  reducing  labour  by  means  of  pho- 
tography has  reference  to  the  hill  sketching  drawn  upon  one  of  the 
outline  copies  on  the  6-inch  scale,  obtained  as  described  above. 

HILL  SKETCHING  AND  ENGKAVING. — The  present  mode,  as 
described  in  his  report  on  the  reduction  of  plans,  by  Capt.  Scott, 
RE.,  who  states  that  with  the  engraver  it  requires  three  different 
persons,  each  possessing  a  certain  amount  of  artistic  skill,  is  as 
follows : — 

"  The  first  receives  a  6-inch  impression  with  contours  (if  these 
have  been  traced),  which  he  takes  into  the  field,  and  sketches  on  it 
the  ground  in  pen  and  ink  by  horizontal  shading. 

"  The  second  receives  his  hill  sketch,  and  on  a  1-inch  outline 
impression  with  contours  in  pencil,  he  produces  with  brush  and 
Indian-ink  a  reduced  copy  of  the  6-inch  field  sketch. 

"The  third  engraves  on  copper  the  hills  from  this  shaded 
drawing,  rendering  the  character  given  by  the  brush  by  means  of 
vertical  hachures.  It  is  now  proposed  to  have  the  field  sketch 
made  on  the  ground  in  so  complete  a  manner,  that  the  second 
process  of  making  a  finished  drawing  with  the  brush  may  be 
altogether  dispensed!  with,  and  the  hill  sketch  on  the  6-inch  scale 

*  The  carmine  having  been  bleached  with  chloride  of  lime  and  a  few  drops  of 
hydrochloric  acid. 
t  The  finished  drawing  has  not  been  dispensed  with  up  to  present  time. 
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reduced  by  photography  to  the  1-inch  scale,  as  a  sufficient  guide 
for  the  engraver." 

PHOTO-ZINCOGRAPHY. — It  was  observed  above  that  it  was  not 
proposed  to  multiply  plans  by  photography  for  publication,  that  is, 
not  to  print  off  a  number  of  photographic  copies  from  a  negative 
upon  glass;  but  most  successful  attempts  have  been  made  by 
Sir  H.  James  to  transfer  photographic  prints  of  manuscripts,  maps, 
and  line  engravings,  to  zinc  and  stone,  and  to  etch  in  the  impres- 
sion by  a  weak  solution  of  phosphoric  acid,  copies  from  which  are 
printed  off  in  the  usual  manner. 

In  a  pamphlet  published  by  him,  entitled  '•  Photo-zincography," 
the  whole  of  this  (R.E.  Profl.  Papers,  vol.  x.  p.  129)  process  is 
described,  and  it  will  no  doubt  be  extensively  applied,  not  only  to 
the  multiplication  of  maps,  but  of  old  manuscripts  and  other 
documents  now  almost  inaccessible,  at  a  much  lower  cost  than  by 
any  other  method,  and  with  unerring  fidelity:  the  "Doomsday 
Book,"  for  instance,  which  Sir  H.  James  has  printed  by  this 
process. 

SCALE  OF  SHADE. — Attempts  are  now*  being  made  to  substi- 
tute a  new  style  of  engraving  more  characteristic  of  the  real 
features  of  the  ground,  for  that  of  the  vertical  hachures,  which  has 
been  adopted  on  the  Ordnance  Survey  in  preference  to  the 
horizontal  system  used  in  the  field,  partly  on  account  of  its  greater 
facility  of  execution,  and  partly  it  is  believed  from  the  supposed 
interference  of  horizontal  lines  with  the  outline  details,  parti- 
cularly of  the  roads,  the  general  directions  of  which  when  laid 
down  on  a  map  on  a  small  scale  run  nearly  parallel  to  contour  lines  ; 
and  from  specimens  produced  by  Mr.  Duncan,  the  Chief  Engraver 
at  the  Ordnance  Survey  Office  in  Dublin,  it  would  appear  that  he 
has  succeeded  in  this  altogether  new  style  of  engraving,  to  which 
he  has  given  the  name  of  Trio-tinto,  because  it  combines  the  effect 
of  the  three  methods  of  Mezzo-tinto,  Aqua-tinto,  and  Stippling. 

The  inventor  appears  confident  of  being  able  to  bring  this 
method  so  completely  within  the  control  of  the  engraver,  that  the 

*  "Written  in  1862.  The  "scale  of  shade"  is  still  a  vexed  question  as  far  as 
topographical  plans  are  concerned  on  the  1 "  scale,  but  it  has  been  decided  upon  for 
the  6"  reconnaissance  sketches.  The  hills  on  the  Ordnance  Survey  plans  are  still 
engraved  in  the  same  manner  and  in  the  same  character  as  formerly. 
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same  "  scale  of  shade "  shall  without  difficulty  be  invariably 
adapted  to  its  corresponding  angle  of  inclination,  which  in  a 
contoured  plan  can  be  ascertained  with  mathematical  certainty  by 
the  mere  application  of  a  scale  to  the  drawing,  the  distance 
measured  being  the  base,  and  the  number  of  contours  within  that 
distance  multiplied  by  the  vertical  distance  between  each  contour 
the  perpendicular.  The  establishment  of  a  scale  of  shade  has  * 
frequently  been  attempted  on  the  Continent  (see  chap,  ix.),  by 
Major  Lehman,  and  several  French  Engineers,  as  well  as  by 
Mr.  Burr  at  Sandhurst;  and  its  realisation  in  an  easy  and  graphic 
system  of  hill-engraving  would  certainly  supply  a  want  long  felt 
in  topographical  drawing,  more  particularly  if  the  cost  of  engraving 
should,  as  it  is  supposed,  not  exceed  one-third  or  one-half  of  that 
of  the  present  system  of  vertical  hachures. 

To  return  to  the  subject  of  representing  the  features  of  the 
ground  with  the  brush  and  Indian-ink  upon  a  topographical  plan, 
either  for  the  purpose  of  producing  a  drawing  giving  the  physical 
relief  of  the  ground,  or  for  that  of  guiding  the  engraver. 

The  different  disposition  of  the  light  affords  the  means  of  vary- 
ing the  system  of  shading  hills.  Where  it  is  supposed  to  descend 
in  parallel  vertical  rays  upon  the  ground,  each  slope  evidently 
receives  less  light,  or  relatively  speaking  'more  shade  in  proportion 
to  its  deviation  from  a  horizontal  plane  on  which  the  maximum  of 
light  falls.  Mr.  Burr,  in  his  "  Practical  Surveying,"  devotes  a 
chapter  to  the  scale  of  shade  to  be  applied  to  plans  finished  on 
this  supposition,  which  however  he  candidly  acknowledges  to  be 
an  impracticable  theory ;  but  it  leads  him  to  the  very  just  con- 
clusion, that  hills  are  generally  shaded  much  too  dark  to  give 
anything  like  a  natural  representation  of  their  various  slopes, 
which  defect  has  also  the  additional  fault  of  confusing  the  appear- 
ance of  the  drawing,  and  impairing  the  accuracy  and  distinctness 
of  the  outline.  The  slopes  drawn  upon  this  system  have  evidently 
no  light  or  dark  sides,  which  causes  a  monotonous  effect ;  and  yet, 
on  the  same  plan,  both  trees  and  houses  are  constantly  represented 
with  shadows. 

The  other  system  of  supposing  the  light  to  fall  obliquely  upon 

*  See  Chapter  IX.,  Military  Reconnaissance. 
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the  ground  (as  in  nature),  either  at  one  fixed  angle  or  at  an  angle 
proportioned  to  the  general  character  of  the  slopes,*  is  decidedly 
favourable  to  the  talent  of  an  artist ;  but  there  are  two  objections 
to  its  general  adoption  in  plans  of  an  extended  survey  :  first,  the 
difficulty  of  execution;  and  secondly,  its  ambiguity  even  when 
correctly  drawn,  except  to  those  accustomed  to  the  style.  The 
slopes  directly  opposed  to  the  light  would  evidently  receive  a 
greater  portion  of  illumination  than  the  summits  of  the  highest 
hills  ;  and,  in  fact,  the  whole  arrangement  of  the  disposition  of  the 
shades  is  quite  different  from  what  it  would  be  under  a  vertical 
light,  as  is  seen  by  exposing  a  model  of  any  portion  of  ground  to  a 
strong  light  from  a  partially-closed  window.  The  practice  of  copy- 
ing the  effects  of  light  and  shade  from  models  is  the  best  intro- 
duction to  this  system  of  shading  ground,  and  is  in  fact  indispen- 
sable before  attempting  to  finish  a  plan.f 

The  method  now  most  generally  practised  in  topographical  plan- 
drawing  partakes  of  both  these  systems  ;  J  the  light  is  considered 
as  falling  nearly  vertical,  but  sufficiently  oblique  to  allow  of  a 
decided  light  and  shade  to  the  slopes  of  the  hills,  trees,  &c.  The 
hills  are  shaded,  not  as  they  would  really  appear  in  nature,  but 
on  the  conventional  system  of  making  the  slopes  darker  in  pro- 
portion to  their  steepness;  the  summits  of  the  highest  ranges 
being  left  white.  This  arrangement,  though  obviously  incorrect  in 
theory,  has  the  advantage  of  being  more  generally  understood  by 
those  not  accustomed  to  plan-drawing,  and  is  also  easy  of  execu- 
tion :  it  is  that  adopted  in  finishing  the  plans  of  the  Ordnance 

*  Mr.  Burr  proposes  an  angle  of  about  15°  for  a  flat  country,  and  40°  for  moun- 
tainous districts ;  the  angle  of  oblique  light  ranging  between  these  two  extremes 
according  to  the  nature  of  the  ground. 

f  The  late  Mr.  Dawson,  whose  talents  and  energy  did  so  much  towards  bringing 
the  sketching  and  shading  plans  of  the  Ordnance  Survey  to  its  present  state  of  per- 
fection, was  the  principal  advocate  of  this  system  of  oblique  light ;  and  some  of  the 
copies,  from  models  of  large  tracts  of  country  drawn  by  Mr.  Carrington,  at  the 
Ordnance  Map-office,  in  the  Tower,  are  hardly  to  be  distinguished  from  the  models 
themselves,  when  they  are  both  placed  in  a  proper  light. 

I  These  and  the  preceding  remarks  apply  solely  to  shading  with  the  brush;  the 
methods  of  delineating  slopes  by  the  pen  and  pencil  will  be  explained  in  Chapter  IX. 
The  Ordnance  Surveys  are  finished  on  this  system  for  the  engraver,  even  though  the 
ground  may  have  been  instrumeutally  contoured. 
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Survey,  and  from  which  the  features  of  the  ground  are  engraved 
on  the  vertical  system  of  etching,  as  being  much  the  easiest 
although  not  so  for  sketching  in  the  field. 

TINTING. — In  finishing  detailed  plans  on  a  large  scale,  stone  or 
other  permanent  buildings  are  generally  coloured  red  (lake  or  car- 
mine). Wooden  or  temporary  structures  are  tinted  with  a  shade 
of  Indian  ink.  Water  is  always  coloured  blue.  Where  distinc- 
tions between  public  and  private  buildings  or  property  are  re- 
quired to  be  shown,  different  colours  must  be  used  and  explained 
by  references  on  the  drawing  ;  the  same  remark  applies  to  the 
distinction  between  buildings  erected  and  those  only  contemplated. 
The  most  usual  conventional  signs  have  already  been  alluded  to 
in  pages  72  and  73. 

ANAGLYPTOGRAPH. — Trials  have  been  made  to  render  the  patent 
process  of  engraving  by  a  machine,  known  by  the  name  of  "  Ana- 
glyptograph,"  which  answers  so  beautifully  for  giving  a  correct 
representation  of  a  cast,  or  basso-relievo,  available  for  topographical 
designs.  A  surprising  relief  is  produced  by  this  method  of  engrav- 
ing, but  it  renders  the  general  surface  of  the  plan  so  dark  as  to 
obscure  the  accuracy  of  the  outline,  and  as  it  is  necessary  that  a 
model  should  be  previously  made  of  the  feature  to  be  represented, 
it  is  only  suited  to  small  portions  of  irregular  ground. 

COPPERPLATES. — Any  lengthened  description  of  the  method  of 
engraving  upon  copper  the  plans  of  the  Ordnance  Survey  would  be 
foreign  to  the  objects  of  this  work ;  the  process  is  of  course  nearly 
similar  to  that  of  all  copperplate  engraving,  but  a  considerable 
portion  of  the  writing,  and  all  flat  shades  of  water,  &c.,  are  done 
by  machine  ;  the  parks  and  sands  are  also  ruled  by  machinery  by  a 
steel  dotting  wheel,  the  interval  between  the  dots  being  regulated 
according  to  the  required  tint. 

Woods,  figures,  rocks,  &c.,  are  engraved  by  steel  punches,  by 
which  a  vast  saving  of  labour  is  effected. 

As  copperplates  will  only  bear  a  certain  number  of  impressions 
being  taken  off  without  evincing  a  deterioration  in  the  impressions, 
the  plan  of  renewing  these  plates  by  the  electrotype  process  has 
been  resorted  to  with  perfect  success. 

Before  a  plate  shows  symptoms  of  wear,  generally  after  a  fixed 
number  of  copies  have  been  taken,  it  is  placed  in  a  large  bath  of 
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sulphate  of  copper  and  diluted  sulphuric  acid,  with  a  sheet  of  crude 
copper  to  supply  the  waste,  and  submitted  to  the  action  of  a  very 
strong  galvanic  battery.  A  copper  matrix  is  gradually  formed 
upon  the  engraved  plate  by  the  decomposition  of  the  copper  and 
its  deposit  on  the  plate ;  and  when  sufficiently  formed  the  matrix 
itself  is  removed  and  submitted  to  the  same  process,  until  a  fac- 
simile of  the  original  copper  engraving  is  perfected,  which  is  then 
used  for  producing  further  impressions,  which  may  thus  be  per- 
petuated for  ever. 

Another  use  to  which  this  process  is  applied  is  that  of  taking 
impressions  of  the  copperplate  at  different  stages  of  its  progress 
of  engraving,  so  that  one  copy  is  obtained  with  the  contours, 
boundaries,  &c.,  another  with  the  hill  features,  a  third  with  geo- 
logical lines,  &c. 


CHAPTER  VIII. 
MODELLING. 

A  USE  to  which  contoured  lines  traced  round  any  limited  extent 
of  ground  can  be  applied  is  the  formation  of  models  for  military 
or  other  purposes,  though  the  contour  plan  itself  affords  far  more 
accurate  data  for  reference  than  can  be  obtained  from  the  model, 
the  dimensions  of  which  being  derived  from  the  plan,  are  like  all 
copies  more  liable  to  be  vitiated  by  errors  than  the  originals. 

To  construct  these  models  an  outline  of  the  plan  is  pasted  upon 
a  flat  board  of  seasoned  wood  or  other  material,  the  points  at  which 
all  the  vertical  heights  have  been  determined  being  marked  upon 
the  orthographic  projection.  Vertical  standards  of  copper,  zinc,  or 
any  other  metal,  are  then  inserted  into  the  board  at  these  points 
and  cut  off  at  the  proper  heights.  The  level  of  the  board  forms 
the  lowest  horizontal  plane — that  of  the  sea  at  low  water,  if  the 
ground  to  be  represented  is  contiguous  to  the  coast ;  and  the  tops 
of  the  highest  set  of  rods  the  superior  plane  of  contours.  The 
intervals  between  these  pieces  of  wire  are  filled  in  with  composi- 
tion or  modelling  clay,  which  is  worked  carefully  to  the  level  of 
the  tops  of  the  rods,  and  then  with  a  small  flattening  tool  or  the 
hand,  moulded  so  as  to  represent  as  nearly  as  possible  the  irregu- 
larities of  the  surface  of  the  ground ;  the  representation  will  be 
more  or  less  perfect  in  proportion  to  the  smallness  of  the  vertical 
intervals  between  the  successive  series  of  contours. 

In  some  cases,  particularly  when  the  scale  of  the  model  is 
small  and  the  character  of  the  country  of  slight  elevation,  it  is 
found  desirable  to  increase  the  vertical  scale,  making  it  some 
multiple  of  the  horizontal ;  this  of  course  produces  an  unreal,  and 
more  or  less  exaggerated  representation  of  the  ground. 

Where  the  contours  have  been  run  .at  considerable  vertical 
intervals,  and  the  surface  sketched  by  the  eye  between  them,  the 
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sketch  will  be  found  of  much  assistance  in  shaping  the  surface  of 
the  model. 

From  this  model,  if  a  mould  in  plaster  of  paris  is  made,  any 
required  number  of  casts  can  be  taken,  which  if  properly  prepared 
with  isinglass  or  size,  may  be  coloured,  and  have  delineated  on 
their  surfaces,  references,  boundary  lines,  &c.,  for  geological  pur- 
poses. These  models  are  eminently  useful,  but  they  should  be 
made  of  small  detached  pieces,  representing  the  different  divisions 
and  characters  of  the  strata.  » 

When  the  subject  of  the  model  is  on  a  large  scale  special 
measures  must  be  adopted. 

A  slight  description  is  here  given  of  the  model  of  Gibraltar  con- 
structed in  1863-4  ;  now  in  the  Rotunda  at  Woolwich. 

The  detail  survey  is  plotted  on  plates  (antiquarian  paper)  42"  by 
26",  the  scale  being  (-5-^-0)  fifty  feet  to  one  inch.  The  model  is 
constructed  on  same  scale,  and  is  built  on  eight  frames,  7'  by 
4'  4"  in  clear,  each  occupied  by  four  plates.  These  frames  were 
formed  of  well  seasoned  3"  deals,  dovetailed,  screwed,  and  braced, 
so  as  to  be  perfectly  rigid,  they  were  made  somewhat  full  and 
then  planed  down,  great  pains  having  been  taken  to  make  them 
square  ;  consequently  the  eight  fitted  together  perfectly  true. 
They  were  covered  partially  over  with  a  skin  of  J-inch  yellow  pine, 
the  surface  of  which  is  the  sea  level.  On  to  this  was  transferred 
the  coast  line  and  outline  of  sea-level  fortifications. 

The  highest  point  on  the  rock  is  about  1400  feet  above  mean 
sea  level,  giving  an  extreme  height  of  28  inches  to  model ;  the 
inclination  of  surface  in  parts  verging  on  the  perpendicular,  the 
ordinary  system  of  modelling  could  not  be  carried  out,  but  a  more 
rigidly  accurate  method  was  adopted  by  means  of  the  contour 
lines. 

The  exact  height  of  points  on  the  edges  of  the  plates  being 
.known,  the  edges  of  the  frames  were  continued  up  in  wood  to  their 
proper  height,  forming  sections,  great  care  being  taken  that  they 
should  be  raised  perpendicularly  so  that  all  the  frames  should  fit 
exactly  when  put  together. 

Planks  of  yellow  pine  were  then  cut  and  planed  to  a  thickness 
of  '4  inch,  each  piece  representing  a  height  of  20  feet,  and  five  of 
them  (2  inches,  or)  100  feet. 
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Traces  of  the  contours  were  then  taken,  and  the  lines  transferred 
in  duplicate  to  the  pieces  of  yellow  pine  ;  then  taking  a  keyhole- 
saw  the  wood  was  cut  through  on  one  set  at  the  contours  60,  100, 
140,  180,  &c.,  and  on  the  other  at  40,  80,  120,  160,  200,  &c.  The 
result  was  a  lot  of  slips  of  wood  with  an  outer  contour  cut,  an  inner 
traced,  and  a  piece  within  and  beyond  on  which  to  lay  the  next 
slip  :  it  was  thus  only  necessary  to  lay  the  piece  cut  at  60  *  on 
to  the  inside  trace  on  40,  and  that  at  80  on  60,  and  so  forth  to 
obtain  a  perfectly  accurate  moc^e!  of  the  contour  lines,  and  this 
without  wasting  an  atom  of  the  wood  beyond  the  outer  corners. 
These  pieces  were  then  applied  to  the  frames,  their  ends  being 
checked  by  the  sections  at  the  edges,  and  glued  up.  This  being 
done  the  model  presented  a  surface  nearly  an  inch  thick,  but  in 
order  to  make  all  secure  braces  were  fastened  on  behind,  making 
the  whole  one  piece. 

For  filling  in  between  the  contour  lines,  tin  tacks  were  nailed  in 
different  directions  on  outer  surface  of  the  yellow  pine,  and  lines 
scored  with  a  chisel  and  holes  made  with  a  bradawl  in  order  to 
give  a  key  to  the  plaster. 

Ordinary  plaster  of  paris  was  used,  mixed  somewhat  stiff,  the 
wood  first  being  moistened  ;  the  plaster  was  smoothed  off  from 
contour  line  to  line,  and  in  the  portion  where  it  was  too  steep  for 
contouring  it  was  laid  on  in  masses  somewhat  resembling  the 
natural  features  of  the  rock.  The  batteries  and  houses  were  cut 
out  in  orange  wood  and  placed  at  their  proper  heights.  The  more 
mechanical  process  was  now  finished  and  it  remained  to  give  the 
geological  features  to  the  surface  of  the  rock,  to  make  the  cuttings 
and  add  the  excrescences,  and  finally  to  cut  out  the  general 
features  upon  the  steep  portions  :  for  this  purpose,  photographs 
and  sketches  were  made  use  of. 

The  result  was  a  portable  model  about  28  feet  long,  8'  8"  feet 
wide,  and  2'  6"  high,  in  eight  pieces,  and  very  light,  consisting 
only  of  the  frame,  the  yellow  pine  forming  the  contours,  and  the 
plaster  over  all.  These  pieces  were  packed  in  deal  cases  and  con- 
veyed to  England  almost  free  from  damage. 

It  perhaps  seldom  happens  in  modelling  a  rocky  piece  of  ground 
like  Gibraltar  that  a  contoured  plan  can  be  obtained  to  work  from, 
it  is  therefore  usually  necessary  to  take  a  certain  number  of 
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sections  on  the  ground  and  by  means  of  the  plan  to  work  in  the 
portions  between.  A  variety  of  systems  can  be  adopted,  according 
to  the  nature  of  the  work,  the  climate,  and  the  means  available. 

Plaster  on  well-seasoned  wood  offers  the  great  advantages  of  a 
perfectly  solid  and  accurate  base  with  an  easily  manipulated 
surface. 

PLASTEE  OF  PARIS. — The  several  varieties  of  this  substance  are 
not  all  equally  applicable  for  modelling  purposes.  The  requisites 
are  a  plaster  which  can  be  laid  on  when  of  the  consistence  of  from 
cream  to  butter,  which  will  become  solid  in  10  to  15  minutes, 
lose  its  moisture  in  24  hours,  and  be. easily  worked  or  cut  with 
a  pen-knife  or  chisel  for  several  weeks  after  it  has  set.  These 
requisites  are  possessed  by  the  purer  and  more  carefully  prepared 
kinds  of  gypsum,  but  there  are  varieties  which,  whether  from  being 
mixed  with  alum  or  other  substances,  take  several  hours  to  set, 
and  when  once  set  are  too  hard  or  tough  to  be  easily  worked  with 
the  chisel. 

The  powder  deteriorates  when  exposed  to  the  air,  and  its  state 
can  be  ascertained  by  squeezing  it  in  the  hand,  when,  if  good, 
it  will  cake  or  cohere,  but  if  damaged  by  damp  it  will  fall  to  pieces 
at  once. 

The  mixing  of  the  powder  for  laying  on  the  plaster  requires 
some  care  and  experience ;  it  should  be  mixed  in  small  quantities 
in  a  bowl  by  shaking  the  powder  in  by  hand,  so  gently  that  it  all 
becomes  completely  soaked,  and  until  it  reaches  the  surface 
of  the  water ;  leave  it  for  half  a  minute,  gently  stir  it  up  and  lay 
it  on. 

COLOURING. — Perfect  imitations  of  rocky  ground,  scarps,  &c., 
can  be  obtained  by  colouring  plaster  of  paris  in  distemper,  but  it  is 
doubtful  how  long  the  colours  will  last ;  oil  colouring  is  somewhat 
more  conventional,  and  the  glossy  appearance  takes  away  from  the 
effects  of  the  model,  but  the  colours  are  more  durable  and  the 
plaster  is  preserved  from  the  injurious  effects  of  the  atmosphere. 
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MILITARY  RECONNAISSANCE,  AND  HINTS  ON  SKETCHING  GROUND. 
— GERMAN  SYSTEMS  OF  DELINEATING  GROUND. — ENGLISH 
SYSTEM. — HORIZONTAL  CONTOURS. — GEOLOGICAL  MAPS. — CON- 
VENTIONAL SIGNS. 

THE  sketch  of  any  portion  of  ground  for  military  purposes 
should  in  all  cases  be  accompanied  by  an  explanatory  statistical 
report,  and  the  combination  of  these  two  methods  of  communi- 
cating local  information  constitutes  what  is  termed  a  Military 
Reconnaissance,  in  which  the  importance  of  the  sketch,  or  the 
report,  predominates  according  to  circumstances. 

The  object  for  which  a  reconnaissance  is  undertaken  naturally 
suggests  the  points  to  which  the  attention  of  the  officer  should  be 
principally  directed.  These  may  be  divided  into  four  classes. 

I.  Reconnaissance  in  force. 

II.  Reconnaissance   made   by  a  detachment  of  all  arms,  suffi- 
ciently strong  to  protect  themselves  and  secure  their  retreat. 

III.  Reconnaissance    from    outposts    by   officers    commanding 
picquets,  or  by  officers  of  Royal  Engineers  during  the  investment 
of  a  fortress  or  previous  to  an  assault. 

IV. 

To  determine  the  best  line  of  march  for 
troops  through  a  friendly  or  undisputed 
country. 

To  examine  the  ground  with  a  view  to  its 
being  occupied  either  permanently  or 
for  temporary  purposes,  or  if  it  is  likely 


1 


II 
I 


A.  Sketching  at  leisure, 
and  under  no  re- 
striction from  the 
neighbourhood  of 
the  enemy. 


B.  Sketching  against 
time,  and  in  the 
neighbourhood  of  ( 
the  enemy. 


d. 


to  become  the  seat  of  war. 

To  examine  certain  districts  of  the  country 
partially  occupied  by  the  enemy,  gene- 
rally performed  by  officers  accom- 
panied by  small  cavalry  detachments. 

The  same  service,  but  referring  only  to 
the  passage  of  an  army  along  the  roads. 

The  simultaneous  examination  by  several 
officers  of  portions  of  a  tract  of  ground 
near  the  enemy's  lines. 

Balloon  reconnaissances. 
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As  this  chapter  is  intended  to  refer  more  particularly  to  hints 
on  sketching  ground,  and  to  the  reports  which  supplement  the 
sketches,  it  is  only  necessary  to  say  a  few  words  on  reconnaissances 
under  headings  I.,  II.,  and  III.,  in  which  the  object  is  principally 
to  ascertain  the  dispositions  of  the  enemy  on  ground  already 
sketched  or  which  is  to  some  extent  known. 

I.  RECONNAISSANCE  IN  FORCE. — During  the  military  operations 
several  competent  officers  should  be  in  front  among  the  skirmishers, 
availing  themselves  of  any  rising  ground  or  trees  for  the  observa- 
tion of  the  enemy's  position,  and  for  making  outline  landscape 
sketches  of  the  ground  in  front  of  them.  These  only  differ  from 
ordinary  water-colour  or  pencil  sketches  so  far  that  truth  must  not 
be  sacrificed  to  effect ;  the  detail  must  not  be  laboured,  sky  and 
water  left  untouched,  all  prominent  objects  which  catch  the  eye 
should  be  inserted,  such  as  large  trees,  farmhouses,  ponds,  rocks, 
bridges,  &c. ;  the  detail  to  be  governed  not  only  by  the  time  allowed, 
but  also  by  the  amount  which  may  be  inserted  without  confusing 
the  outline. 

If  the  ground  is  not  well  known,  it  will  probably  be  desirable  to 
furnish  each  officer  with  a  skeleton  plan  of  the  enemy's  position, 
enlarged  from  the  small  scale  plans  of  the  country  furnished  by  the 
topographical  department  on  which  he  can  fill  in  the  ground  in 
front  of  him,  taking  angles  to  prominent  points,  and  also  fixing  his 
own  advanced  position  by  means  of  azimuth  angles  to  several 
fixed  points  in  rear.  These  plans  and  sketches  are  all  brought 
together  and  compared,  and  a  useful  general  plan  may  be  compiled 
from  them  suitable  to  the  emergency  of  the  case. 

RECONNAISSANCE  II.  &  III. — In  both  of  these  cases  the  informa- 
tion obtained  is  likely  to  be  of  a  desultory  nature. 

RECONNAISSANCE  IV. — Under  this  head  we  have  several  kinds 
of  work,  which,  however,  all  aim  at  one  standard  of  perfection,  viz., 
to  give  as  much  useful  information  as  is  possible  in  the  time 
allowed ;  in  each  case,  however,  the  object  is  different.  If,  for 
example,  it  is  merely  to  determine  the  best  line  of  march  for  troops 
through  a  friendly  or  undisputed  country;  the  state  of  the  com- 
munications, the  facilities  of  transport,  and  possibility  of  provision- 
ing a  stated  number  of  men  upon  the  route,  are  the  first  objects 
for  his  consideration.  If  the  ground  in  question  is  to  be  occupied, 
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either  permanently  or  for  temporary  purposes,  or  if  it  is  likely  to 
become  the  seat  of  war,  his  attention  must  be  directed  to  its  mili- 
tary features,  and  a  sketch  of  the  ground,  with  explanatory  refer- 
ences, together  with  a  full  and  correct  report  of  all  the  intelligence 
.he  can  collect  from  observation  (or  from  such  of  the  inhabitants  as 
are  most  likely  to  be  well  acquainted  with  the  localities,*  and 
most  worthy  of  credence),  will  demand  the  exertion  of  all  his 
energies,  as  upon  the  correct  information  furnished  by  this  recon- 
naissance may  depend,  in  a  great  measure,  the  fate  of  the  army. 

The  principal  points  for  observation  in  a  military  sketch  and 
report  are — 

ROADS. — Their  direction;  general  width;  nature — whether 
paved  or  macadamized :  if  not,  state  subsoil  minutely  ;  liability  to 
injury ;  facility  of  repair  and  destruction  ;  practicability,  in  what 
seasons  and  for  wlmt  species  of  troops  ;  exposure  to,  and  means  of 
security  from  enfilade  ;  whether  bordered  or  not  by  hedges,  ditches, 
or  banks,  or  passing  through  defiles,  the  nature  and  extent  of 
which  require  most  careful  description,  and  report  as  to  the  means 
of  turning,  forcing,  or  defending.  Nature  of  soil  around  :  can 
troops  and  baggage  get  freely  on  to  the  fields  on  either  side ;  what 
streams  cross  them,  and  the  style  of  bridges  over  them  ;  width  and 
strength  with  regard  to  passage  of  heavy  guns  ;  cross  roads, 
whether  they  join  in  again  at  a  few  miles'  distance,  and  will  enable 
the  troops  to  avoid  towns  and  villages ;  parallel  roads  running 
near  ;  whether  there  is  any  material  at  hand  for  mending  the 
roads,  or  facilities  for  destruction  or  obstruction  by  means  of  felling 
trees,  rolling  down  rocks,  &c. ;  attention  should  be  called  to  any 
narrow  points.  Particular  attention  should  be  paid  to  the  ascents 
and  descents,  with  their  gradients.  Roads  are  frequently  reported 
impracticable  without  due  consideration  of  the  resources  which 
may  be  brought  to  bear  upon  their  improvement,  or  what  difficul- 
ties an  enterprising  enemy  may  be  able  to  surmount. f 

*  It  is  almost  needless  to  point  out  the  incalculable  advantages  of  being  a  good 
modern  linguist  to  an  officer  employed  on  duty  of  this  nature  in  an  enemy's  country. 

f  The  Austrian  staff  officers  must  have  reported  the  passage  of  the  Alps  "imprac- 
ticable," and  the  French  that  of  the  Bohemian  mountains,  but  both  were  forced. 
Napoleon's  maxim,  though  perhaps  an  exaggeration,  was,  that  wherever  two  men, 
could  pass  abreast  an  army  could  follow. 
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RAILROADS. — Their  gauge  ;  number  of  lines  of  rail,  and  descrip- 
tion ;  description  of  bridges  ;  and  means  of  destruction  ;  gradients, 
cuttings  and  embankments  ;  description  of  rolling  stock,  engines, 
water  supply,  stations  (their  construction),  sidings;  facilities  for 
loading  and  unloading  stores  and  cattle  ;  tunnels  ;  telegraph  lines 
arid  number  of  wires. 

RIVERS. — Their  sources,  width,  depth,  velocity  of  current ; 
facilities  for  watering  horses  on  an  extended  front ;  character  of 
water,  whether  likely  to  be  frozen  in  winter,  and  if  so,  whether  the 
ice  is  likely  to  bear  the  passage  of  troops  ;  whether  subject  to 
sudden  or  periodical  floods,  and  their  effects  upon  the  banks  and 
adjacent  country;  whether  dry  or  nearly  so  in  summer;  facilities 
for  inundation  or  drainage  ;  profile  and  nature  of  banks,  whether 
boggy  or  wooded ;  size  and  nature  of  vessels  and  boats  employed 
in  the  navigation,  and  their  probable  number ;  tributary  springs 
•and  rivulets  ;  bridges,  with  their  dimensions,  nature  of  construc- 
tion, and  means  of  destroying  or  repairing  them ;  whether  they 
are  mined  ;*  fords  for  infantry  or  cavalry,!  whether  permanent  or 
only  passable  at  certain  seasons  or  times  of  tide,  or  if  exposed  to 
fire,  &c. 

CANALS. — Means  of  destruction,  or  of  rendering  them  of  use; 
construction ;  depth  and  width  of  water,  size  of  locks  ;  how  navi- 
gated, and  on  which  side  the  towing  path,  &c. 

MILITARY  FEATURES. — Inclination  and  nature  of  slopes  and 
all  irregularities  of  ground ;  accessible  or  not  for  cavalry  or 
infantry ;  description  of  country,  open  or  inclosed ;  relative 
command  of  hills  ;  I  ravines  ;  forests  ;  marshes  ;  inundations  ; 
barriers  ;  plains  ;  facilities  for  landing,  if  on  a  sea-coast  with 

*  In  1870  the  French,  having  built  all  their  important  bridges  with  secret  mines, 
were  enabled,  by  the  destruction  of  the  railway  bridges  across  Northern  Central 
France,  by  Troyes,  to  oblige  the  German  army  in  that  quarter  to  depend  mainly 
upon  the  line  from  Nancy  to  Lagny,  near  Paris,  on  which  line  also  the  army  invest- 
ing Paris  was  entirely  dependent  for  its  communication  with  German}'. 

t  A  ford  should  not  be  deeper  than  three  feet  for  infantry,  four  feet  for  cavalry, 
and  two  and  a  half  for  artillery  and  ammunition  waggons. — Macauley's  "  Field  Forti- 
fication." The  nature  of  the  soil  at  the  bottom  should  always  be  ascertained,  and 
also  if  it  is  liable  to  shift,  which  is  the  case  in  a  mountainous  country. 

t  If  actual  differences  of  level  cannot  be  determined  for  want  of  time,  still  relative 
command  may  be  obtained,  and  numbered  1,  2,  3,  &c.,  accordingly. 

L  2 
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nature  of  beach  and  roads  within  reach  ;  military  posts  and 
fortified  towns ;  good  positions ;  either  offensive  or  defensive ;. 
ground  suited  for  encampments ;  supply  of  water,  &c. 

STATISTICAL  INFORMATION. — The  population  and  employment 
of  the  different  towns,  villages,  and  hamlets,  contained  within  the 
limits  of  the  sketch.  Agricultural  and  other  produce;  commerce; 
means  of  transport ;  subsistence  for  men  and  horses,  &c. :  with  a 
variety  of  minute  but  important  details,  for  which  the  reader  is 
referred  to  the  excellent  essay  on  this  subject,  in  the  fourth 
volume  of  the  "Memorial  Topographique  et  Militaire,"  to  the 
"Aide  Mdmoire  des  Officiers  du  Genie,"  Macauley's  "Field 
Fortification,"  "Hand-Book  for  Field  Service,"  "The  Soldier's. 
Pocket-Book,"  &c. 

THE  DEGREE  or  ACCURACY  of  which  a  sketch  of  this  nature  is 
susceptible  depends  upon  the  time  that  can  be  allowed,  and  the 
means  that  may  be  at  hand.  If  a  good  map  of  the  country  can 
be  procured  (which  is  generally  the  case),  the  positions  of  several 
conspicuous  points,  such  as  churches,  mills,  &c.,  can  be  taken 
from  it  and  laid  down  on  the  required  scale,  and,  if  the  ground  to 
be  sketched  is  extensive,  transferred  to  several  sheets  of  paper  to 
be.  filled  in  simultaneously  by  any  requisite  number  of  officers ;. 
or  a  base  may  be  roughly  measured,  paced,  or  otherwise  obtained 
by  a  micrometer  or  from  some  known  distance,  such  as  that 
between  milestones  for  instance,  and  angles  taken  with  a  sextant 
or  other  instrument  from  its  extremities  to  different  well- 
defined  objects,  forming  the  commencement  of  a  tolerably  accurate 
species  of  triangulation  which  may  be  laid  down  by  the  protractor 
without  calculation,  within  which  the  detail  can  be  sketched 
more  rapidly  and  with  far  more  certainty  than  without  such 
assistance.  No  directions  that  can  possibly  be  given  will  render 
an  officer  expert  at  this  most  necessary  branch  of  his  profession,  as 
practice  alone  can  give  him  an  eye  capable  of  generalising  the 
minute  features  of  the  ground,  and  catching  their  true  military 
character,  or  the  power  of  delineating  them  with  ease,  rapidity, 
and  correctness. 

THE  INSTRUMENTS  used  in  sketching  ground  have  already  been 
alluded  to  when  describing  the  mode  of  filling  in  the  detail 
between  measured  lines  on  a  regular  survey.  In  addition  to  the 
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advantages  there  ascribed  to  the  azimuth  compass,  it  will  be 
found  peculiarly  well  adapted  for  sketching  on  a  continuous  line, 
such  as  the  course  of  a  road  or  river,  or  a  line  of  coast,  which 
reflecting  instruments  are  not;  arid  the  angles  with  the  magnetic 
meridian,  measured  by  the  compass,  can  be  read  off  with  quite  as 
much  accuracy  as  they  can  be  laid  down  by  the  small  protractor 
used  in  the  field.  This  should  have  a  scale  of  6,  4,  or  3  inches 
to  one  mile  (or  whatever  other  proportion  may  be  preferred) 
engraved  on  the  other  bevelled  side,  and  with  a  sketching  port- 
folio and  compass,  together  with  a  small  sextant  and  field 
telescope  with  a  micrometer  scale  in  the  diaphragm,  comprise  all 
the  instruments  that  can  be  required  by  an  officer  employed  on  a 
reconnaissance  ;  and  as  they  can  always  be  carried  without  incon- 
venience about  his  person,  or  strapped  in  front  of  his  saddle,  he 
need  never  be  driven  to  the  necessity  of  sketching  entirely  without 
their  assistance,  though  the  practice  of  doing  so  occasionally  is 
decidedly  of  service,  as  it  teaches  him  to  make  use  of  his  eyes 
and  tends  to  make  him  a  good  judge  both  of  linear  and  angular 
measurement.*  The  distinction  between  the  magnetic  and  true 
meiidian  should  be  carefully  marked  on  every  sketch,  the  former 
by  a  fleur  de  Us,  the  latter  by  a  star  or  asterisk. 

SCALE  OF  SHADE. — Sketching  such  parts  of  the  interior  detail 
as  have  a  decidedly  marked  outline  is  comparatively  easy,  but  the 
delineation  of  ground,  so  as  to  represent  the  various  gentle  slopes 
of  the  hills  and  undulations  and  irregularities  of  the  surface  is  far 
more  difficult,  and  attempts  have  been  made,  both  on  the  Continent 
and  in  this  country,  to  establish  recognised  systems  for  expressing 
these  features,  which  should  give  not  merely  a  general  idea  of 
their  character  but  a  mathematical  representation  of  their  various 
complicated  inclinations  ;  so  that  the  angle  of  every  slope  might 
be  evident  from  a  mere  inspection  of  the  drawing,  or  measured 
from  a  scale,  which  would  furnish  data  for  constructing  sections 

*  A  protractor  (for  want  of  a  better)  can  be  made  by 
folding  a  square  or  rectangular  piece  of  paper  into  • — • — 
three,  which,  when  doubled,  divides  the  edge  into  six 
.portions  of  fifteen  degrees  each  ;  these  can  be  again  di- 
vided into  three  parts,  by  which  angles  of  five  degrees 
can  be  laid  down,  or  even  approximately  observed, 
the  intermediate  degrees  being  judged  by  the  eye. 
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of  the  ground  in  any  required  direction.  This  degree  of  perfection 
would  of  course  be  most  desirable  in  military  sketches  as  well 
as  in  finished  topographical  plans,  but  the  labour  and  difficulty 
attending  the  execution  will  always  prevent  its  general  application 
excepting  in  surveys  of  a  national  character,  or  of  limited  detached 
portions  of  ground. 

The  two  methods  in  general  use  for  representing  with  a  pen  or 
pencil  the  slopes  of  the  ground  are  known  as  the  vertical  and  the 
horizontal.  In  the  first  of  these  the  strokes  of  the  pencil  follow 
the  course  that  a  heavy  body  or  ball  would  take  in  running  down 
these  slopes ;  in  the  second  (which  is  comparatively  of  late  intro- 
duction) they  represent  horizontal  lines  traced  round  them,  such 
as  would  be  shown  on  the  ground  by  water  flooding  the  country 
at  the  different  stages  of  its  progressive  altitude.  This  last  is  the 
mode  now  generally  practised  except  in  very  hurried  sketches,  and 
it  certainly  produces  a  more  correct  representation  of  the  general 
character  and  features  of  the  ground  than  the  vertical  method.* 
Neither  of  them  however  when  sketched  merely  by  the  eye 
between  fixed  points  and  measured  lines  aspires  to  the  mathema- 
tical accuracy  which  is  obtained  by  tracing  with  a  theodolite  or 
spirit  level,  horizontal  contour  lines  at  equi-distant  vertical  dis- 
tances over  the  surface  of  the  ground,  the  method  of  doing  which 
will  be  treated  of  in  the  chapter  upon  Levelling.  Systems  were 
introduced  into  Germany,  by  Major  Lehman,  for  representing  the 
slopes  of  the  ground  by  a  scale  of  shade  consisting  of  a  combina- 
tion of  vertical  and  horizontal  lines,  and  a  system  is  now  adopted  in 
this  country.  The  light  in  Major  Lehman's  system,  as  is  gene- 
rally the  case  in  describing  ground  with  a  pen,  is  supposed  to 
descend  in  vertical  rays,  and  the  illumination  received  by  each 
slope  is  diminished  in  proportion  to  its  divergence  from  the  plane 
of  the  horizon.  As  vertical  rays  falling  upon  a  plane  inclined  at 
an  angle  of  45°  are  reflected  horizontally,  this  slope,  which  is 
considered  the  greatest  that  is  ever  required  to  be  shown,  is  also 
considered  the  maximum  in  the  scale  of  shade,  and  is  represented 
by  perfect  black  A  horizontal  plane  reflects  all  rays  upwards,  and 

*  Specimens  of  both  these  styles  of  sketching  hills  are  given.  They  are  also  to  be 
found  in  Mr.  Burr's  "Practical  Surveying."  The  vertical  is  best  adapted  to  a 
military  sketch  if  pressed  for  time,  as  however  roughly  it  may  be  scratched  down,  a 
good  general  idea  of  the  ground  is  Conveyed. 


Plate  13 
to  fcuce,  pcuge  150. 


I-ITLL    SKETCH, 

VERTICAL    SYSTEM 


The  figures  repivsent  the  heights  mfcet 
ubove  t/tf  level  of  the  SAO,. 


Scale, 4  inches  to  One  Mile 


I.on<i,  n  -Lofkwood  fc  C' ,  7  Stationers  Hall  Court.LudmtfHiU.. 


14*. 

to  fccce,  page  150 


HILL    SKETCH, 

HORIZONTAL    SYSTEM 


The  figures  represent  thfwtUfhte  in 
vf  tJw  Seas, 


Scale  4  inches  to  One  Mile, 


/.<>>ii,'(>>i..-J,<>f/{;(><>i>d  &C1',  7  Stiih\->>iersHall  Courtj 


HUl 


HINTS   ON   SKETCHING   GROUND.  151 

is,  therefore,  represented  at  the  other  end  of  the  scale  by  perfect 
white;  and  the  intermediate  degrees  being  divided  into  nine  parts, 
show  the  proportion  of  black  in  the  lines  to  the  white  spaces 
intervening  between  them  for  every  5°;  which  at  5°  is  1  to  8;  at 
10°,  2  to  7;  at  15°,  3  to  6,  &c.  Figure  1  will  explain  the  con- 
struction of  this  scale,  and  the  thickness  of  the  strokes  drawn  on 
this  principle  must  be  copied  till  the  hand  becomes  habituated  to 
their  formation.  In  sketching  ground  the  inclinations  must  be 
measured,  or  estimated  if  the  eye  is  experienced  enough  to  be 
trusted,  and  are  to  be  represented  by  lines  of  a  proportional 
thickness.  To  this  system  is  to  be  objected  its  extreme  difficulty 
of  execution,  as  well  as  that  of  estimating  correctly  by  the  eye  the 
angle  intended  to  be  represented  by  the  thickness  of  the  lines ; 
though  Mr.  Siborn,  who  published  a  work  in  1822  on  "  Topogra- 
phical Plan  Drawing  "  founded  on  this  system  of  Major  Lehman's, 
considers  that  between  10°  and  35°  of  altitude  the  slope  may  be 
read  by  mere  inspection  within  1°,  more  accurately  indeed  than  it 
can  possibly  be  measured  on  the  ground  by  a  clinometer,  or  any 
portable  contrivance  of  the  sort.  In  Mr.  Siborn' s  work  contour 
lines  are  recommended  to  be  drawn  merely  as  a  guide  for  the 
vertical  strokes ;  but  the  system  of  tracing  these  horizontal  lines 
at  fixed  vertical  intervals,  and  drawing  between  .the  contours 
vertical  strokes,  without  any  reference  to  their  thickness  but 
merely  their  direction,  presents  a  far  more  easy  mode  of  expressing 
correctly  the  actual  surface  of  the  ground,  and  infinitely  more 
intelligible  to  those  who  have  to  make  use  of  the  plan.  Indeed,  if 
the  contour  lines  are  traced  at  short  vertical  distances,  either  fixed 
or  varying  according  to  the  nature  of  the  ground,  there  is  no 
occasion  for  the  vertical  strokes  whatever,  as  these  always  cut 
the  horizontal  lines  at  right  angles :  this  was  the  method  recom- 
mended, wherever  the  ground  was  required  to  be  shown  very 
accurately,  by  the  committee  of  French  officers  of  engineers, 
appointed,  in  conjunction  with  some  of  the  most  scientific  men  of 
that  period,  to  establish  one  general  system  of  topographical  plan 
drawing.  The  combined  method  of  vertical  lines  and  horizontal 
contours,  at  one  fixed  difference  of  level,  is  described  in  the  German 
work  alluded  to,  and  also  in  Sir  J.  C.  Smyth's  "Topographical 
Memoir."  From  the  vertical  distance  being  a  constant  quantity, 
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the  angle  formed  by  the  slope  of  the  ground  is  obtained  by  taking 
the  length  of  the  vertical  line  between  any  two  of  the  contours  in 
a  pair  of  compasses,  and  applying  it  to  a  scale  constructed  upon 
a  simple  principle  self-evident  from  the  figure.  Above  45  the 
base,  or  "  normal,"  becomes  too  short  to  be  appreciable  if  it  has 


been  constructed  to  suit  moderate  inclinations  of  the  ground, 
and  if  on  account  of  steep  declivities  the  normal  is  increased  in 
length,  it  becomes  quite  unmanageable  on  gently-inclined  surfaces. 
By  way  of-  obviating  this  difficulty,  and  also  making  the  same 
scale  of  normals  still  universally  applicable,  the  vertical  distance, 
where  required  from  the  bold  nature  of  particular  slopes,  is  doubled 
or  tripled,  and  these  normals  distinguished  from  others  of  the  same 
length  by  being  represented  with  thicker  double  or  triple  lines. 
This  contrivance,  the  invention  of  Colonel  Van  Gorkum,  is  most 
highly  extolled  by  Sir  J.  C.  Smyth  in  his  "  Topographical  Memoir," 
in  which  he  strongly  recommends  the  adoption  in  the  British 
service  of  some  part  of  the  detail  of  this  method  of  sketching 
ground,  and  proposes  to  omit  the  horizontal  contours,  but  to  take 
the  angles  of  depression  of  the  hills  in  sketching  and  to  represent 
their  slopes,  not  over  the  whole  plan,  but  occasionally  on  ground 
of  the  most  importance,  by  normals  of  the  proper  length  corre- 
sponding to  such  a  vertical  distance  as  may  be  judged  best  suited 
to  the  scale  employed.  On  a  scale  of  4  inches  to  1  mile,  Colonel 
Van  Gorkum  fixes  his  perpendicular  at  24  feet :  Sir  J.  C.  Smyth, 
in  the  memoir  alluded  to,  has  tabulated  what  he  considers  best 
adapted  to  the  four  scales  in  most  general  use,  making  it  at 
6  inches  to  1  mile  22  feet;  at  4  inches  32  feet;  at  2  inches 
66  feet;  and  at  1  inch  132  feet.  At  13°,  in  all  these  cases  he 
doubles  the  perpendicular,  and  at  50°  triples  it.  With  all  defer- 
ence to  such  authority,  it  is  conceived  that  horizontal  contour 
lines,  traced  at  short  known  and  generally  equal  vertical  distances 
over  the  ground,  afford  ample  data  for  the  construction  of  sections 
in  any  required  directions  even  more  accurate  than  a  model  of  the 
features  of  the  ground.  The  delineation  of  ground  on  the 
Ordnance  Survey  has  been  partially  effected  on  this  system. 
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The  contours  are  traced  with  a  spirit  level  or  theodolite  at 
different  vertical  intervals  suited  to  the  character  of  the  surface, 
but  averaging  about  100  feet ;  these  are  interpolated  with  inter- 
mediate contour  lines  traced  with  a  water  level  as  being  more 
expeditious,  at  the  constant  vertical  distance  of  25  feet.  For  the 
method  of  tracing  these  in- 
strumental contour  lines,  see 
the  chapter  on  Levelling,  to 
which  this  subject  more  par- 
ticularly belongs. 

During  the  last  few  years 
there  has  been  much  discus- 
sion on  the  subject  of  a  scale 
of  shade,  resulting  in  -the 
adoption  by  the  Council  of 
Military  Education  of  General 
Scott's  scale,  somewhat  modi- 
fied, for  plans  of  6  inches  to 
the  mile  and  upwards. 

The  horizontal  system  is  also 
now  used  in  preference  to  the 
vertical  for  plans  of  4  inches 

to  the  mile    and  upwards,   as 

more    rapidly    executed     and 

more     faithfully    representing 

the  nature  of  the  ground. 
A  copy  of  the  reverse  of  the 

protractor  (with  Scott's  scale), 

as   manufactured    by    Messrs. 

Elliott,  for  use  in  the  field,  is 

given  on  this  page  ;  it  is  also  a 

clinometer. 

IN  SCOTT'S  SCALE  the  depth 

of  shade  and  thickness  of  stroke 

were  obtained  by  careful  com- 
parison of  the  best  examples 

obtainable    of    hill    sketching 

produced     on    the    Ordnance 
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Survey  and  at  the  several  military  schools,  and  therefore  there  is 
no  reason  but  that  a  sketch  made  with  its  aid  may  be  artistic 
as  well  as  intelligible. 

The  scale  is  not  carried  higher  than  35°,  that  slope  being 
considered  the  limit  for  all  manoeuvring  purposes,  anything 
steeper  would  be  left  to  the  skill  of  the  draftsman.  The  many 
and  great  advantages  resulting  from  the  adoption  of  one  scale 
of  shade  throughout  the  army  are  obvious,  the  disadvantages  are 
more  apparent  than  real,  having  reference  to  the  chance  of 
cramping  the  artist's  free  touch ;  it  is,  however,  to  be  recognised 
that  General  Scott  and  others  who  laboured  in  the  same  field  only 
look  upon  the  adoption  of  a  scale  as  another  step  onwards,  there 
is  still  much  to  be  accomplished. 

SCALE  OF  SHADE. — Table  *  show-ing  number  of  strokes  per  inch, 
and  their  thickness. 


Inclination. 

No.  of  strokes  per  inch. 

Thicknes 

35°     . 

.     32     . 

.               -g-U 

25°     . 

.     82     . 

I 

7  0 

20°     . 

.     30     . 

ITo" 

15°     . 

.     25     . 

•      TTo 

10°     . 

.     24     . 

•    iio 

5°     . 

.     18     . 

innr 

3°     . 

.     14     . 

_JL_ 

3  O  0 

2° 

10 

1 

GEOLOGICAL  FEATURES. — For  representing  the  features  of  the 
country  in  a  topographical  plan,  on  a  moderate  scale,  where  the 
surface  of  the  ground  is  not  required  to  be  determined  with  mathe- 
matical precision,  the  horizontal  system  of  sketching  the  hills 
alluded  to  in  page  44,  is  sufficiently  accurate,  and  has  the  advan- 
tage of  being  generally  intelligible.  In  addition  to  the  sketch  of 
the  ground,  a  representation  of  the  geological  features  of  the 
country  can  be  given  without  at  all  interfering  with  or  confusing 
the  sketch,  by  tracing  on  the  back  of  the  paper  the  divisions  of 
the  geological  features,  the  different  portions  of  which  are  after- 
wards coloured  according  to  the  conventional  system  of  distin- 
guishing the  several  various  formations  on  geological  maps.  On 

*  Obtained  from  Sandhurst. 
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holding  the  sketch  against  the  light  these  divisions  appear  clearly 
visible,  though  in  any  other  position  of  the  paper  they  are  not  in 
the  least  perceptible.  Geological  sections  should  also  be  shown  on 
the  margin  of  the  sketch,  having  reference  to  lines  drawn  across 
it* 

The  inclination  of  such  slopes  as  are  of  peculiar  moment  are 
measured  with  af  "Clinometer,"  and 
the  angles  written  either  on  the 
slopes  themselves  or  as  references. 
This  little  instrument  can  be  made 
by  cutting  a  small  quadrant  out  of 
pasteboard  and  roughly  graduating  the 
arc.  A  small  shot,  suspended  by  a 
piece  of  silk  forms  the  plummet :  and 
independently  of  its  use  in  measuring  vertical  angles,  it  is  of 
great  assistance  in  tracing  level  lines  in  sketching  the  contours. 
The  instrument  sold  under  this  name  is  made  with  a  spirit 
level ;  but  the  substitute  as  described  above  answers  the  purpose 
equally  well,  and  moreover,  from  its  being  made  merely  of  paste- 
board, fits  into  the  pocket  of  the  sketching  portfolio. 

The  slopes  most  necessary  to  note  on  a  military  sketch  are  those 
which  relate  to  the  facilities  of  ascent  for  artillery,  cavalry,  and 
infantry.  According  to  the  "Aide  Memoire,"  a  slope  of  about 

60°,  or  of  4  to  7,  is  inaccessible  for  infantry. 

45°,  or  of  1  to  1,  difficult. 

30°,  about  7  to  4,  inaccessible  for  cavalry. 

15°,      „      4  to  1,  inaccessible  for  wheel  carriages. 
5°,      „    12  to  1,  easy  for  carriages. 

The  leading  features  of  ground  are  the  summit  ridges  of  hills 
(termed  the  water-shed  lines),  and  the  lowest  parts  of  the  valleys 
down  which  the  rain  finds  its  way  to  the  nearest  rivers  or  pools, 
called  water-course  lines.  These  two  directing  lines,  if  traced  with 
<?are,  will  alone  give  some  idea  of  the  surface  of  the  country,  and 
will  assist  materially  in  sketching  the  hills,  particularly  if  drawn 

*  The  geological  part  of  the  Ordnance  Survey  is  now  quite  distinct  from  the 
geodesical. 

f  Sketching  protractors  are  now  generally  furnished  with  plummets,  and  act  as 
clinometers. 
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•on  the  horizontal  system,  as  the  contour  lines  always  cut  the 
ridges  and  all  lines  of  greatest  inclination  at  right  angles.  It  is 
•a  very  common  error  in  first  beginning  to  sketch  ground  to  regard 
hills  as  isolated  features  as  they  often  appear  to  the  eye.  Obser- 
vation and  a  slight  practical  knowledge  of  geology,  inevitably 
produce  more  enlarged  ideas  respecting  their  combinations,  and 
analogy  soon  points  out  where  to  expect  the  existence  of  fords, 
springs,  defiles,  and  other  important  features  incidental  to  peculiar 
formations.  Thus  appearances  that  at  one  time  presented  nothing 
but  confusion  and  irregularity,  will,  as  the  eye  becomes  more 
experienced,  be  recognised  as  the  results  of  general  and  known 
laws  of  nature. 

OUTLINE  SKETCHES.— The  representation  of  the  outline  of  the 
hills,  and  their  relative  command,  is  also  materially  assisted  in  a 
topographical  plan,  and  more  particularly  in  a  military  recon- 
naissance, by  a  few  outline  sketches  taken  from  spots  where  the 
best  general  views  can  be  obtained.  A  series  of  these  topographical 
sketches  running  along  the  length  of  a  range  of  hills,  and  a  few 
taken  perpendicular  to  this  direction,  supply  in  some  degree  the 
place  of  longitudinal  and  transverse  sections  ;  and  give  in  addition 
to  the  information  communicated  by  a  mere  section,  a  general  idea 
of  the  nature  of  the  surrounding  country.* 

TELEMETERS. — A  good  judgment  of  distances  is  indispensable  in 
sketching  ground,  for  filling  up  the  interior  of  a  survey,  and  more 
particularly  in  a  reconnaissance,  where  there  has  not  been  either 
time  or  means  for  measurement  or  triangulation.  Practising  for  a 
few  days  will  enable  an  officer  to  estimate  with  tolerable  accuracy 
the  length  and  average  quickness  of  his  ordinary  pace,  as  also  that 
of  his  horse  (as  on  a  rapid  reconnaissance  he  must  necessarily  be 
mounted) ;  and  the  habit  of  judging  distances,  which  can  after- 
wards be  verified,  will  tend  to  correct  his  eye.f  A  micrometrical 

*  A  brush  and  a  few  water-colours  will  be  found  very  useful  in  rendering  the 
various  parts  of  a  topographical  sketch  more  intelligible,  and  save  much  time  and 
labour.  Water — woods — buildings  (whether  stone,  or  brick,  or  of  wood),  can  be 
shown  much  more  clearly  and  rapidly  with  a  brush  than  the  pen. 

t  Dr.  Brewster's  micrometrical  telescope  is  fully  described  in  the  second  volume  of 
Pearson's  Astronomy,  and  more  portable  instruments  upon  nearly  the  same  principle 
have  since  been  contrived,  the  best  known  of  which  are  Cavello's  and  Rochon's 
micrometers.  The  latter  consists  of  a  telescope  with  a  double  refracting  prism 
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scale,  or  cross  wires  in  his  field  telescope,  with  a  table  of  distances, 
corresponding  to  the  angle  subtended  by  some  distant  object,  is- 

attached  to  a  moveable  slide  working  between  the  object-glass  and  eye-piece,  having 
a  graduated  scale  with  a  vernier  on  the  outside  of  the  tube,  showing  the  observed 
angle  and  the  ratio  of  the  corresponding  distance  to  some  assumed  distant  base,  such 
as  the  height  of  a  man,  or  any  other  object  the  dimensions  of  which  are  supposed  to- 
be  known.  This  scale  is  graduated  to  half  minutes,  and  each  of  these  divisions  can 
be  decimally  divided  by  the  vernier,  but  a  table  is  required  for  all  the  intermediate 
divisions,  showing  the  number  of  times  the  assumed  base  must  be  multiplied  to 
obtain  the  distance. 

If  the  distance  is  known,  the  height  of  any  object  can  be  ascertained  by  reversing 
the  process.  If  the  height  of  the  object  and  the  distance  arc  both  unknown,  an 
approximate  result  can  be  obtained,  if  the  object,  say  a  column  of  men  or  a  ship,  is 
advancing  or  receding,  by  making  two  observations,  separated  by  some  convenient 
interval  of  time,  and  estimating  the  distance  the  object  has  moved  in  a  direct  line  to 
the  observer  within  that  period,  or  by  moving  in  a  direct  line  to  a  stationary  object 
any  measured  distance,  and  observing  the  two  angles  subtended  by  it. 

A  still  more  portable  instrument  for  measuring  distances,  by  observing  by  a  prism- 
micrometer  the  angle  subtended  by  a  distant  object  (Mr.  Porro's  Longue  vue 
Napoleon  III.)  has  been  introduced  into  the  French  service,  and  if  its  results 
could  be  relied  upon  for  great  distances,  its  extreme  portability,  and  the  facility  with 
which  it  is  used,  would  leave  little  to  be  desired  in  an  instrument  based  upon  tins- 
principle,  but  beyond  500  yards  the  distances  often  vary  considerably  from  the  truth, 
and  as  it  is  only  constructed  for  a  range  of  about  1000,  it  evidently,  even  if  perfectly 
accurate,  would  not  meet  the  requirements  of  the  service  in  the  present  day  when 
such  extreme  ranges  are  obtained  both  by  infantry  and  artillery. 

All  the  above  instruments  have  moreover,  from  their  principle,  a  source  of  error 
which  (excepting  where  the  object  observed  has  been  measured)  no  accuracy  of 
construction  can  remedy,  viz. :  that  the  distance  sought  to  be  obtained  depends  upon 
the  correct  estimation  of  the  dimensions  of  a  distant  object,  and  an  error  of  only  six 
inches  in  the  estimated  height  of  five  feet  will  produce  in  the  result  a  difference  of 
100  yards  in  a  distance  of  1000.  To  obviate  the  probability  of  inaccuracy  in  assuming 
the  dimensions  of  any  distant  base,  Professor  Piazzi  Smyth  invented  an  instrument 
upon  a  directly  opposite  principle,  viz. ,  that  it  was  to  carry  its  own  base,  and  that 
the  angle  measured  should  not  be  that  subtended  at  the  station  of  the  observer  by  a 
distant  uncertain  object,  but  the  actual  angular  measure  of  the  base  attached  to  the 
telescope  at  the  distance  at  which  that  object  was  situated. 

This  instrumental  base,  at  right  angles  to  the  telescope,  has  two  mirrors  or  prisms 
at  its  extremities,  one  of  which  is  in  the  line  of  the  axis  of  the  telescope,  through 
which  the  object  (a  point)  is  seen  by  direct  vision  through  the  unsilvered  portion  of 
the  mirror.  The  same  object  is  reflected  from  the  other  mirror,  and  the  coincidence, 
or  the  amount  of  separation  of  the  two  images,  furnishes  the  means  of  ascertaining 
the  required  distance. 

To  eifect  this,  the  index  mirror  may  be  made  to  turn  through  the  necessary  angle  ; 
or  it  may  be  kept  at  one  fixed  angle,  and  the  coincidence  effected  by  sliding  it  along 
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also  a  very  useful  auxiliary.  The  gradual  blending  of  colours, 
and  the  well-known  rate  at  which  sound  has  been  ascertained  to 
travel,*  will  all  materially  assist  him.  According  to  the  "Aide 
Me'moire,"  the  windows  of  a  large  house  can  generally  be  counted 
at  the  distance  of  3  miles;  men  and  horses  can  just  be  perceived 
as  points  at  about  2200  yards ;  a  horse  is  clearly  distinguishable 
at  1300  yards  ;  the  movements  of  a  man  at  850  yards ;  a  man's 
head  clearly  visible  at  400  yards ;  and  partially  so  between  that 
distance  and  700  yards. 


the  base  ;  or  both  mirrors  may  remain  fixed,  and  the  angle  measured  by  the  amount 
of  separation  of  the  two  images  as  shown  by  a  wire  micrometer  and  finely  divided 
scale,  which  latter  arrangement  has  been  found  the  most  convenient. 

The  length  of  this  instrumental  base  is  about  two  feet,  and  in  a  pamphlet  by 
Col.  Clerk,  R.A.,  it  is  stated  that  its  results  can  be  depended  upon  to  1000  yards, 
and  that,  if  the  base  were  increased  to  five  feet,  up  to  2000  yards,  beyond  which  he 
conceives  it  would  be  necessary  to  measure  a  base  upon  the  ground ;  and  for  the 
purpose  of  obtaining  an  instrument  to  be  used  with  artillery  for  long  ranges,  he 
constructed  a  frame,  to  be  used  with  a  telescope,  consisting  of  a  mirror  placed  at  an 
angle  of  45°,  with  an  index  arm  seven  inches  long,  the  indications  of  which  are 
measured  upon  an  arc  graduated  to  ten  seconds.— The  telescope  is  fixed  upon  the 
distant  object,  and  the  angle  subtended  by  a  measured  base  of  100  yards  at  that 
point  is  obtained  by  the  coincidence  of  the  image  reflected  from  the  mirror  with  the 
vertical  wire  in  the  telescope,  and  measured  by  the  graduated  arc,  the  multiple  of 
the  base  giving  the  actual  distance  obtained  by  inspection  from  tables  constructed 
for  the  purpose.  If  the  distance  exceeds  4000  yards  the  base  can  be  increased  to  200 
yards,  the  multiple  given  by  the  tables  being  simply  doubled. 

This  instrument,  and  that  previously  described,  though  adapted  to  the  use  of 
artillery  or  coast  batteries,  are  not  applicable  to  general  service  in  the  field,  as  they 
both  require  steady  level  rests,  and  are  not  sufficiently  portable  ;  and  the  want  is  still 
seriously  felt  of  some  description  of  instrument  which  shall  combine  accuracy  in  the 
•estimation  of  long  distances  with  facility  of  use  and  portability. 

*  About  1100  feet  in  one  second.  A  light  breeze  will  increase  or  diminish  this 
quantity  15  or  20  feet  in  a  second,  according  as  its  direction  is  to  or  from  the 
observer.  In  a  gale  a  considerable  difference  will  arise  from  the  effects  of  the  \vind. 
A  common  watch  generally  beats  five  times  in  one  second.  See  "  Philosophical 
Transactions,"  1823.  The  number  of  pulsations  of  a  man  in  health  is  about  75  per 
minute.  Either  of  these  expedients  will  serve  as  a  sort  of  substitute  for  a  seconds 
watch.  The  velocity  of  sound  is  affected  by  the  state  of  the  atmosphere,  indicated 
by  the  thermometer,  hygrometer,  and  barometer  ;  according  to  Mr.  Goldiugham, 
•fa  th  of  an  inch  rise  in  the  barometer  diminishes  the  velocity  about  9  feet  per  second. 
Mr.  Baily  rates  the  velocity  of  sound,  at  32°  Fahr.,  at  1090  feet  per  second,  and 
directs  the  addition  of  1  foot  for  every  degree  of  increase  of  temperature  above  the 
freezing  point. 


HINTS    ON   SKETCHING   GROUND.  159 

These  directions,  however,  cannot  be  considered  as  infallible,  as 
the  power  of  vision  differs  so  materially ;  but  nothing  can  be  more 
easy  than  for  an  officer  to  make  a  scale  of  this  kind  for  himself. 

Another  easy  mode  of  judging  distances  is  by  marking  on  a 
scale  or  pencil  held  at  some  fixed  distance  from  the  eye,  the 
apparent  diameter  or  height  at  different  measured  distances  of 
any  objects  the  dimensions  of  which  may  be  considered  nearly 
-constant;  the  average  height  of  a  man,  a  house  of  one  or  two 
stories,  the  diameter  of  a  windmill,  &c.,  will  furnish  suitable 
standards;  and  a  short  piece  of  string,  with  a  knot  to  hold 
between  the  teeth,  will  serve  to  keep  the  pencil  always  at  the 
proper  distance.  Suppose  these  scales  to  have  been  carefully 
marked  for  four  or  five  of  these  objects,  at  the  distance  of  150, 
200,  300,  &c.,  yards,  they  will  evidently  afford  the  means  of 
obtaining  an  approximate  distance ;  but  even  without  this  scale, 
if  the  pencil  b  be  held  up  to  the  eye  at  any  distance  a,  and  the 


lieight   or  diameter   of  any  object   h   of  known   dimensions   be 

observed,  then  the  distance  from  this  object  is  evidently . 

b 

IN  RECONNOITRING  THE  OUTLINE  OF  A  WORK  which  cannot  be 
approached  closely  for  the  purpose  of  tracing  parallels  and  deter- 
mining the  positions  of  batteries,  the  best  plan  is  to  mark,  if 
possible,  the  intersection  of  the  prolongations  of  the  faces  and 
flanks  of  the  line  on  which  the  distances  are  being  paced  or 
measured,  instead  of  merely  obtaining  intersections  of  the  salient 
and  re-entering  angles  with  a  sextant.  Soon  after  sunrise,  or  a 
little  before  sunset,  are  the  best  times  for  these  observations,  as 
lights  and  shades  are  then  most  strongly  marked ;  in  the.  middle 
of  the  day  it  is  often  impossible  to  distinguish  anything  of  the 
outline  of  a  work  of  low  profile,  even  at  the  distance  of  200  or  300 
yards. 

If  the  perpendicular  distance  from  the  angle,  or  any  other  point 
of  the  face  of  a  work,  is  required  to  be  ascertained  in  the  field,  and 
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the  line  marked  on  the  ground  for  the  purpose  of  laying  out  a 
battery,  it  can  be  readily  done  by  the  following  method  :  — 

Suppose  in  each  of  the  figures  below,  A  to  be  the  point  from 
which  the  distance  is  required  on  a  line  perpendicular  to  A  B  ; 
measure  any  distance  C  D,  in  a  direction  nearly  parallel  to  A  B, 
and  take  the  angles  at  C  and  D,  formed  by  the  line  C  D,  and  each 
of  the  points  A  and  B;  B  being  some  marked  object  situated 
anywhere  on  the  line  of  the  work,  probably  a  salient  or  re-enter- 
ing angle.  From  these  data  ascertain  the  values  of  A  B,  and  the 
angle  A  B  D,  either  by  calculation  or  by  any  of  the  practical 
methods  already  described  ;  B  E  is  then  the  secant  of  the  angle 
A  B  D  to  radius  A  B,  and  the  difference  D  E  between  this  quantity 
(to  be  found  by  means  of  a  table  of  secants),  and  the  calculated 
distance  B  D  being  laid  off  either  on  the  line  D  B  from  D  towards 
B  (as  in  fig.  1),  or  on  the  prolongation  of  this  line  (as  mfig.  2),  the 
distance  A  E  becomes  the  tangent  of  the  same  angle  also  to  the 


Fig.  1.  Fig.  2. 
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radius  A  B  ;  and  the  distance  required  for  the  battery  can  therefore 
be  laid  off  on  the  ground  by  increasing  or  diminishing  the  length 
of  this  line  A  E. 

The  direction  of  the  capital  of  a  work,  and  the  distance  from  its 
salient,  can  be  thus  determined  in  the  field. 

On  any  line  0  Q,  mark  two  points,  0  and  P,  in  the  prolongation 
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of  the  faces,  B  S',  A  S',  the  distance  between  them  being  measured, 
or  paced.     Take  any  other  point  R,  one  hundred   paces  or  any 


V 

convenient  distance  from  P  in  the  line  0  P  produced,  and  make 
the  angle  P  R  T  equal  to  that  observed  at  0  ;  T  being  in  the  pro- 
longation of  A  S  P.  The  triangles  0  S  P  and  R  T  P  are  therefore 
similar,  and  the  angle  T  being  bisected  by  the  line  T  V,  it  results 
that  R  P:PV:  :  P  O  :  P  X ;  which  distance,  laid  down  on  the 
line  P  O,  gives  the  point  X  required  in  the  prolongation  of  the 
capital.  The  sides  of  the  small  triangle  T  P  R  and  T  V  being  all 
capable  of  measurements,  0  S,  S  P,  and  S  X  can,  if  required,  be  all 
found  by  a  similar  simple  proportion.* 

It  is,  however,  generally  practicable  to  obtain  a  plan  of  any 
attacked  works  and  of  its  environs,  more  or-  less  correct ;  and  on 
this  any  perceptible  errors  discovered  during  the  reconnaissance 
are  marked.  On  approaching  a  place  by  day,  the  officer  should 
be  alone,  so  as  to  attract  little  attention,  but  supported  at  a  dis- 
tance by  troops  hid  from  observation  by  any  cover  that  can  be 
taken  advantage  of.  By  night  he  should  be  accompanied  by  a 
strong  party ;  and  by  advancing  as  near  as  possible  towards  day- 
break, and  retiring  gradually,  he  would  be  enabled  to  make  more 
correct  observations  as  to  the  outline  and  state  of  repair  of  the 
works  than  at  any  other  time. 

*  "With  a  pocket  or  prismatic  compass  this  operation  may  be  more  easily  per- 
formed— by  taking  up  a  position  on  the  prolongation  of  each  face,  and  observing 
their  inclination  to  the  magnetic  meridian,  that  of  the  line  bisecting  the  salient,  or 
the  capital  of  the  work,  is  at  once  known  ;  for  the  mean  between  the  two  readings 
will  be  the  bearing  of  the  salient  when  the  observer  is  upon  the  capital ;  and  by 
measuring  a  base  in  a  convenient  situation,  the  distance  may  be  readily  found. 
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BALLOON  RECONNAISSANCES. — 1.  When  the  balloon  is  free. 
2.  When  it  is  captive. 

When  free,  the  balloon  makes  a  voyage,  the  direction  and  length 
of  which  is  entirely  uncertain,  and  it  is  therefore  practically  use- 
less for  the  sake  of  reconnaissance,  even  if  it  were  possible  to  com- 
municate to  head-quarters  the  desultory  information  which  may 
have  been  obtained  on  the  way.  As  it  may,  however,  be  necessary 
at  any  moment  to  set  free  a  captive  balloon,  proper  precautions 
must  be  taken  with  this  in  view,  and  it  is  desirable  that  an  expe- 
rienced aeronaut  should  always  accompany  the  officer  who  recon- 
noitres. With  reference  to  free  balloons,  it  is  merely  necessary  to 
mention  that  those  used  in  the  late  siege  of  Paris  were  of  2,000 
cubic  yards  content,  and  valued  at  £200  each;  they  were  con- 
structed to  hold  three  persons ;  about  sixty  were  sent  up  from 
Paris,  of  which  eight  completely  failed.  No  attempts  appear  to 
have  been  made  to  re-enter  Paris  by  balloon  ;  at  any  rate,  none 
succeeded. 

When  captive,  the  balloon  may  enable  most  important  infor- 
mation to  be  afforded  to  the  Commander-in-Chief  of  an  army, 
although  on  the  other  hand  very  little  advantage  .may  be 
experienced  from  its  use. 

The  fact,  however,  of  a  balloon  having  been  found  of  little 
service  in  a  particular  campaign  does  not  go  against  it,  any  more 
than  the  same  fact  would  militate  against  the  use  of  a  pontoon 
train,  or  any  other  special  service ;  it  is  quite  sufficient  to  know 
that  the  want  of  information  with  regard  to  the  doings  of  an  enemy 
may  seal  the  fate  of  an  army,  however  well  it  may  be  organised, 
other  than  in  the  intelligence  department ;  and  that  "  the  balloon 
affords  means  to  an  army  of  carrying  with  it  a  lofty  point  of 
observation." 

That  the  balloon  will  enable  important  information  at  times  to 
be  obtained  must  be  conceded ;  the  only  point  is  with  regard  to 
the  extent  and  value  of  this  information  under  ordinary  circum- 
stances throughout  a  campaign. 

Opinions  differ  considerably  upon  this  point.  Captain  Beaumont, 
after  the  experiment  at  Aldershot,  in  1863,  was  of  opinion  that, 
with  a  properly  constructed  apparatus,  (captive)  balloon  recon- 
naissances might  be  made  in  a  wind  moving  at  any  rate  up  to 
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twenty  miles  per  hour ;  but  there  is  no  doubt  that  the  difficulties 
which  arise  when  the  wind  is  in  motion  are  very  considerable. 

At  the  experiment  above  mentioned,  use  was  made  of  one  of 
Mr.  Coxwell's  ordinary  balloons  inflated  with  coal-gas  from  the 
gasworks  at  Aldershot.  After  inflation,  the  balloon  was  earned  to 
Thorn  Hill,  about  300  yards  from  the  gasworks,  where  the  ascents 
were  made.  Three  guy  ropes  were  used,  one  of  which  was  passed 
through  a  snatch-block  fixed  to  the  ground ;  the  elevation  of  the 
balloon  varied  from  1,200  to  1,000  feet,  and  it  took  fifteen  minutes 
to  lower  it  to  the  ground.  It  made  about  ten  ascents,  and  was 
upwards  of  an  hour  and  a  half  hovering  over  the  camp.  The  day 
was  remarkably  still. 

The  practical  results  with  regard  to  the  range  of  vision  were 
very  satisfactory.  At  the  elevation  of  1,000  feet,  the  Hog's  Back, 
which  bounds  the  horizon  from  Thorn  Hill,  existed  no  longer  as  a 
boundary,  its  slopes  on  the  further  side  even  being  visible,  and  an 
horizon  at  ten  miles'  distance  was  obtained  in  all  directions,  within 
the  circumference  of  which  no  large  movements  of  troops  could 
take  place  without  being  visible. 

It  has  been  suggested  that  panoramic  views  or  plans  might  be 
obtained  by  means  of  photography,  and  M.  Nadar  has  succeeded  in 
obtaining  photographic  views.  It  is,  however,  to  be  recollected 
that  the  undulations  of  the  surface  of  the  ground  do  not  show  from 
a  balloon. 

If  ascents  by  night  are  made,  especially  in  a  wooded  country, 
the  fires  will  indicate  the  enemy's  position,  and  an  allowance  of 
ten  men  to  each  fire  will  enable  his  numbers  to  be  roughly 
estimated. 

During  an  action,  the  balloon  may  be  made  of  considerable 
service ;  an  officer  seated  therein  in  telegraphic  communication 
with  the  general  commanding  may  keep  him  acquainted  with  any 
flank  movements  of  the  enemy,  and  the  position  of  his  reserves. 

Lieut.-Col.  Baron  Elner,  of  the  Austrian  Imperial  Engineer  Staff, 
gives  the  following  necessary  conditions,  which  have  been  somewhat 
abbreviated : — 

1.  The  balloon  to  be  ready  to  make  the  ascent  soon  after  the 
order  is  received.  A  delay  of  a  day,  or  even  half  a  day,  would 
cause  its  services  to  be  of  little  use. 

M  2 
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2.  The  ascent  should  not  be  prevented  by  a  wind  of  average 
force  (about  1  Ib.  a  square  foot).     A  free  ascent  is  therefore  out  of 
the  question. 

3.  An  average  height  of  about  600  feet  may  be  considered  as  the 
proper  altitude. 

4.  An  experienced  aeronaut  to  accompany  the  officer. 

5.  The  balloon  should  be  in  telegraphic  communication  with 
the  ground. 

6.  Ascents  should  be  practicable  at  any  given  spot,  and  as  often 
as  required. 

The  Austrians  appear  to  have  decided  on  the  Montgolfiere 
(smoke  balloons) ;  but  the  Americans  appear  to  have  been  in  favour 
of  the  Charlieres,  which  are  gas  inflated.  The  rapidity  of  the 
means  of  inflation  of  the  former  (twenty  minutes)  is  very  much  in 
its  favour,  but  the  high  specific  gravity  of  the  gas  renders  it  ob- 
jectionable. Hot  air  has  been  suggested  as  a  substitute  for  smoke 
of  straw,  wool,  &c.  In  the  employment  of  the  Charlieres,  the 
hydrogen  is  obtained  either  by  the  use  of  sulphuric  acid  upon  zinc 
or  iron,  or  else  by  passing  steam  over  red-hot  charcoal  or  iron 
turnings.  9 

THE  NUMEROUS  CONVENTIONAL  SIGNS  recommended  in  most 
continental  military  works  are  extremely  puzzling,  difficult  to 
remember,  and  are  mostly  unintelligible.  In  a  little  work,  the 
"  Aide-Mtfmoire  Portatif,"  published  in  1834.  there  are  no  less 
than  ten  pages  devoted  to  these  signs.  Beyond  the  few  that  are 
absolutely  necessary  and  generally  understood,  it  is  far  better  to 
trust  to  references  written  on  the  face  of  the  sketch,  and  the  ex- 
planatory report,  than  by  endeavouring  to  convey  so  much  infor- 
mation by  these  conventional  symbols  and  attempts  at  mathema- 
tical representations  of  the  ground,  to  render  a  drawing  so  confused 
and  difficult  to  comprehend  that  it  really  becomes  of  less  value 
than  an  indifferent  sketch  with  copious  and  clear  remarks. 
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Below  are  given  a  few  conventional  signs,  applicable  only  to 
military  sketches. 

•f  f  J-.  Artillery  Position.  1 Telegraph. 

feh- Cavalry  ]  Dark  line  shows  QQ/-  Post-house. 

r-^ -J  Infantry  \        the  front.  ^T'Tf1  Mortar  Battery. 

o —  Sentinel.  \\T\T\T\  Gun  Battery. 

Fort.  ^~  Site  of  an  Engagement. 

Kedoubt.  -0—  Passable. 

iiiniiiiit-  Palisades.  H—  Impassable  for  Cavalry. 

Chevaux  de  Frise.  =})=""  Impassable  for  Infantry 

Abatis. 


CHAPTER  X. 

COLONIAL   SURVEYING. 

THE  preceding  chapters  will,  it  is  believed,  be  found  to  contain 
all  necessary  information  connected  with  the  survey  of  any  tract 
of  country,  whatever  degree  of  accuracy  or  detail  may  be  required ; 
but  in  a  newly-established  colony,  or  one  only  partially  settled, 
the  primary  object  in  view  in  commencing  an  undertaking  of  this 
nature  is  not  the  same  as  in  that  of  a  thickly  peopled  and 
cultivated  country.  In  the  latter  case,  the  surveyor  aims  at 
obtaining,  by  the  most  approved  methods  consistent  with  the  time 
and  means  at  his  disposal,  data  for  the  formation  of  a  territorial 
map  showing  the  position  and  extent  of  all  roads,  towns, 
provinces,  counties  ;  and  where  the  scale  is  large,  parishes,  and 
even  the  boundaries  of  property  and  cultivated  or  waste  land,  as 
well  as  the  features  of  the  surface  of  the  ground,  and  all  natural 
and  artificial  divisions,  together  with  the  collection  of  a  variety  of 
other  useful  geological  and  statistical  information.  In  a  new 
country  only  the  natural  lines  and  features  exist ; — the  rest  has  all 
to  be  created. 

The  first  operations  then  required  in  a  perfectly  new  settlement, 
are,  the  division  into  sections  of  such  size  as  may  be  considered 
best  adapted  to  the  want  of  settlers,  of  the  land  upon  which  they 
are  to  be  located;  and  the  marking  out  the  plan  of  the  first  town 
or  towns,  the  sizes  and  positions  of  which  will  of  course  be 
regulated  by  local  circumstances  and  advantages ;  whilst  the  first 
rural  sections  will  naturally  be  required  either  in  their  immediate 
vicinity,  or  contiguous  to  the  main  lines  of  communication  leading 
to  the  different  portions  of  the  province  whose  local  importance  is 
the  earliest  developed. 

In  the  case  of  a  small  settlement  established  upon  the  coast  of 
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any  country  for  the  immediate  reception  of  settlers  who  require 
to  be  put  in  possession  directly  upon  their  arrival  of  a  certain 
stipulated  amount  of  land  for  agricultural  or  other  purposes,  the 
simplest  form  of  survey  must  necessarily  be  adopted ;  that  de- 
scribed in  the  late  Col.  Dawson's  Report  upon  the  Survey  of  New 
Zealand,  for  instance,  which  consists  simply  in  marking  methodi- 
cally upon  the  ground  the  angles  of  a  continued  series  of  square 
or  rectangular  figures,  leaving  even  the  roads  which  are  intended 
to  surround  each  block  of  sections  to  be  laid  off  at  some  future 
period, — would  answer  the  purpose  of  putting  impatient  emigrants 
in  possession  of  a  homestead  containing  about  the  number  of 
acres  to  which  they  might  be  entitled.  But  this  system  could  not 
be  carried  out  extensively  with  any  degree  of  accuracy  even  in  a 
comparatively  level  country,  and  not  at  all  in  a  mountainous  or 
irregular  one.  In  fact,  it  is  not  a  survey;  and  though  perhaps 
it  may  sometimes  be  necessary  to  adopt  what  Mr.  F.  Wakefield, 
in  his  pamphlet  upon  Colonial  Surveying,  terms  this  "make- 
shift process,"*  the  sooner  a  regular  survey  takes  its  place 
the  better  for  the  colony,  even  on  the  score  of  the  ultimate 
saving  that  would  be  effected  by  getting  rid  of  the  necessity  of 
incessant  alterations  and  corrections;  to  say  nothing  of  the 
amount  of  litigation  laid  up  in  store  by  persevering  in  a  system 
necessarily  entailing  an  incorrect  division  of  property,  upon 
which  there  is  no  check  during  the  progress  of  the  survey,  and 
for  which  there  is  no  remedy  afterwards. 

Excepting  in  some  isolated  instances  such  as  described  above, 
where  everything  is  required  to  give  way  to  the  imperative 
necessity  of  at  once  locating  the  first  settlers  upon  land  for  which 
payment  has  been  received  (for  by  the  present  system  of  colo- 
nization no  land  is  alienated  from  the  Crown  otherwise  than  by 
purchase,  the  greater  portion  of  the  proceeds  of  the  sale  being 
devoted  to  the  purpose  of  further  emigration),  the  first  step  to 
be  undertaken  at  the  commencement  of  the  survey  of  a  new 
country,  is  a  careful  and  laborious  exploration  within  the  limits 


*  For  an  explanation  of  the  details  of  this  species  of  surveying,  see  Mr.  Kingston's 
Statements,  page  33,  Third  Report  of  the  South  Australian  Commissioners,  1838  ; 
and  CoL  Dawson's  Report  on  the  Survey  of  New  Zealand,  1840. 
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over  which  its  operations  are  to  extend ;  during  which  would  be 
collected  for  subsequent  use  a  vast  amount  of  practical  informa- 
tion as  to  the  number  and  physical  condition  of  the  aboriginal 
natives  (if  any) ;  the  geological  character  of  the  soil ;  its  resources 
of  all  kinds;  sources  and  directions  of  rivers;  inland  lakes  and 
springs ;  the  probable  sites  of  secondary  towns  ;  the  most 
apparent,  practicable,  and  necessary  main  lines  of  communi- 
cation ;  prominent  sites  for  trigonometrical  stations,  &c.,  &c.  A 
sketch  of  the  country  examined,  rough  and  inaccurate  doubtless, 
but  still  sufficient  for  future  guidance,  is  at  the  same  time 
obtained  ;  the  positions  of  many  of  the  most  important  points  for 
reference  being  determined  by  astronomical  observation,  and  the 
altitudes  of  some  of  them  by  the  mountain-barometer  or  aneroid, 
or  by  the  temperature  of  boiling  water,  by  methods  already 
explained. 

The  next  step  should  be  (if  this  question  has  not  been  already 
determined  by  strongly-marked  local  advantages,  or  previous 
settlement)  the  position  of  the  site  of  the  first  principal  township 
a  nucleus  being  immediately  required  where  fresh  arrivals  may  be 
concentrated  prior  to  their  dispersion  over  the  country.  The 
size  *  and  figure  of  the  town  will  of  course  vary  according  to 
circumstances ;  and  the  principal  general  requirements  that 
should  suggest  themselves  to  any  one  charged  with  a  decision  of 
this  nature  are, — facilities  of  drainage;  plentiful  supply  of  good 
water ;  easy  access  both  to  the  interior  of  the  country  and,  if  not 
situated  on  the  coast,  to  the  adjacent  port ;  the  apparent  salu- 
brity of  the  site ;  facility  of  procuring  timber  and  other  building 
materials,  such  as  sand,  lime,  brick-earth,  stone,  &c. ;  security 
from  predatory  attacks,  and  vicinity  to  sufficient  tracts  of  land 
suited  to  agricultural  and  pastoral  purposes. 

The  site  of  the  town,  with  its  figure  and  extent,  being  decided 
upon  after  a  careful  investigation  of  the  above  and  a  variety  of 
other  minor  considerations,  the  best  main  lines  of  road  diverging 

The  size  of  the  lots  into  which  the  township  is  to  be  divided  may  vary  from  a 
quarter  of  an  acre  to  one  acre  ;  half  an  acre  would  be  found  generally  sufficient.  It 
is  customary  to  give  to  the  first  purchasers  of  rural  sections  one  town  lot  in  addition 
for  every  such  section,  the  remaining  lots  to  be  sold  either  by  auction  or  at  some 
fixed  price. 
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from  it  in  all  the  palpably-required  directions  should  be  marked 
out,  and  upon  these  main  lines  should  abut  the  sections  to  be 
first  laid  out  for  selection.  Errors  of  judgment  will  doubtless  be 
subsequently  found  to  have  been  made  in  the  directions  of  some 
of  these  roads  ;  but  this  is  certainly  productive  of  less  injury  to 
the  colony  than  the  plan  of  systematically  marking  out  the  land 
without  providing  for  any  mam  lines  of  communication  at  all, 
leaving  them  to  be  afterwards  forced  through  private  property 
under  the  authority  of  separate  acts  of  the  colonial  legislature  ;  a 
system  entailing  discontent,  litigation,  delay,  and  expense.  The 
marked  natural  features  of  the  [ground,  such  as  the  lines  of  the 
coast,  or  the  banks  of  lakes  or  rivers  of  sufficient  importance  to 
constitute  the  division  of  property,  and  the  main  lines  of  roads 
alluded  to,  will,  where  practicable,  guide  the  disposition  of  the 
lines  forming  the  boundaries  of  the  sections  to  be  now  marked 
out.  Where  no  such  natural  or  artificial  frontages  exist,  the  best 
directions  in  which  these  rectangular  figures  can  be  laid  out  are 
perhaps  those  of  the  cardinal  lines,  excepting  in  cases  where  the 
nature,  inclination,  and  general  form  of  the  ground  evidently 
point  out  the  advantage  of  a  deviation  from  this  rule. 

The  size  of  these  sections  is  a  question  to  be  determined  by 
that  of  the  minimum  average  number  of  acres  which  it  is  sup- 
posed is  best  adapted  to  the  means  and  wants  of  the  settler ;  the 
latter  being  in  a  great  measure  regulated  by  the  apparent  capa- 
bilities of  the  soil.  Land  divided  into  very  large  farms  is  placed 
beyond  the  reach  of  settlers  of  moderate  capital;  and  if  subdivided 
into  very  small  portions,  the  expense  of  the  survey  is  enormously 
increased,  and  labourers  are  tempted  to  become  at  once  pro- 
prietors of  land,  very  much  to  their  own  real  disadvantage,  as  well 
as  that  of  the  colony.  In  South  Australia  80  acres  has  been 
adopted  as  the  average  content.  In  parts  of  New  Zealand  *  and 
elsewhere,  100  acres.  In  Canada,!  generally  more  than  double 

*  In  the  Canterbury  Settlement,  on  the  Middle  Island,  New  Zealand,  50  acres  has 
been  fixed  as  the  minimum  size  ;  the  maximum  is  unlimited ;  as  in  South  Australia  ; 
no  reservation  is  made  of  coal  and  other  minerals ;  the  purchaser  being  put  in  posses- 
sion of  all  that  is  on  and  under  the  surface. 

t  The  rude  and  inaccurate  mode  in  which  land  has  been  marked  out  in  Canada  by 
the  chain  and  compass,  and  the  little  value  that  has  been  set  upon  waste  land  which 
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that  quantity.  Whatever  size  may  be  determined  upon,  it  is 
advisable  to  adhere  to  as  nearly  as  possible,  in  all  general  cases ; 
though  where  special  application  is  made  for  rather  larger  blocks, 
there  has  been  found  no  mischief  in  departing  from  the  average 
size,  provided  this  deviation  is  not  so  extreme  as  to  prevent  fair 
competition  for  any  peculiarly  valuable  locality.  In  such  cases,  it 
is  however  always  necessary  to  guard  particularly  against  the 
monopoly  of  surface  water  within  the  area  of  the  section,  or  of 
any  extended  valuable  frontage ;  as  well  as  against  any  impedi- 
ment that  might  be  placed  in  the  way  of  forming  roads  through 
the  property.  Where  the  main  lines  of  communication  have  not 
been  previously  laid  out,  it  is  requisite,  especially  in  large  blocks 
of  land,  to  reserve  to  the  government,  at  all  events  for  a  limited 
number  of  years,  a  right  of  forming  such  roads  as  are  evidently 
for  the  public  benefit,  making  of  course  compensation  for  any 
damage  that  may  be  thereby  done,  though  this  can  generally  be 
met  by  a  previous  allowance  of  a  certain  number  of  acres  in 
excess  of  the  proper  content  of  the  block.*  Indeed,  if  proper 
precautions  could  be  taken  to  prevent  its  being  abused,  it  would 
be  advisable  to  reserve  this  power  of  making  such  general  roads 
as  are  clearly  advantageous  to  the  community  through  all  sections 
of  land  of  whatever  size ;  with  the  right  of  taking  stone  and 
timber  for  making  and  repairing  these  roads  and  the  bridges 
erected  along  their  line,  though  all  such  interference  with  private 
rights  should  as  much  as  possible  be  obviated  by  previous  careful 
examination  of  the  country. 

The  rapid  settlement  of  a  newly-formed  colony  being  an  object 
always  to  be  fostered,  the  sections  marked  out  for  sale  should  be 
so  arranged  as  to  conduce  as  much  as  possible  to  this  desidera- 
tum ;  to  attain  which  end  the  surveys  should,  at  all  events  at  first, 
be  kept  well  in  advance  of  the  demand  for  land,  for  the  purpose  of 
giving  the  most  ample  choice  of  selection  to  intended  purchasers. 
By  the  opposite  system  of  selling  land  in  advance  of  the  survey, 

used  to  be  alienated  from  the  Crown  in  grants  of  extensive  size,  renders  the  survey  of 
that  country  not  a  fair  point  of  comparison  with  that  of  more  modern  colonies. 

*  Two  or  three  per  cent.,  upon  the  average,  is  proved  amply  sufficient  in  small 
or  moderate-sized  sections.  In  very  large  blocks,  one  per  cent,  would  perhaps  be 
as  much  as  could  be  required. 
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an  unfortunate  emigrant  not  unfrequently  finds  the  greater  part  of 
his  section  occupied  by  the  bed  of  a  salt  lagoon  or  swamp,  and 
experiences  no  slight  dismay  in  discovering  that  he  is  not  even  in 
possession  of  the  number  of  acres  for  which  he  has  paid,  and  to 
which  perhaps  he  has  no  access  with  any  sort  of  wheeled  vehicle, 
in  consequence  of  the  occupation  roads  being  marked  down  upon 
the  ground  to  correspond  with  straight  lines  previously  drawn 
upon  paper ;  so  tha,t  they  lead,  without  any  controlling  power  in 
the  surveyor  to  alter  their  course,  up  and  down  almost  inacces- 
sible ravines,  or  probably  for  several  hundred  yards  at  a  stretch 
along  the  bed  of  a  stream. 

In  marking  out  these  sections,  the  following  remarks*  will 
direct  attention  to  the  different  local  peculiarities  which  require  a 
deviation  from  established  rules,  and  to  the  general  system  of  con- 
ducting the  work  in  the  field ;  the  mechanical  practice  of  survey- 
ing being  of  course  supposed  to  be  already  known. 

Sections  laid  out  with  frontages  upon  main  lines  of  road, 
rivers,  or  wherever  increased  value  is  thereby  conferred  upon  the 
land,  should  have  their  frontage  reduced  one-half,  or  even  one- 
third  of  the  depth  of  the  section,  so  as  to  distribute  this  advantage 
among  as  many  as  can  participate  in  it  without  rendering  the 
different  sections  too  elongated  in  figure  to  be  advantageously 
cultivated  as  a  farm. 

In  addition  to  this  contraction  of  frontage,  easy  access  by  roads 
must  be  provided  from  the  country  in  the  rear  leading  to  this  water 
or  main  road  ;  without  which  precaution  the  owners  of  the  front 
lots  would,  by  blocking  up  the  land  behind  them,  virtually  obtain 
possession  of  it,  for  at  least  pastoral  purposes,  without  payment. 
These  roads  should  occur  at  intervals  proportioned  to  their 
requirement,  generally  between  every  third  or  fourth  section. 

Every  section  should  have  an  available  road  on  one  of  the  four 
sides  forming  its  boundaries,  by  which  the  proprietor  is  secured 
access  to  the  main  lines  of  communication ;  its  breadth  may  vary 
from  half  a  chain  to  one  chain,  according  to  circumstances ;  in 
square  or  rectangular  sections  of  80  or  100  acres  each,  roads 


*  Partly  extracted  from  the  instructions  issued  to  the  surveyors  employed  in  South 
Australia. 


172  COLONIAL    SURVEYING. 

surrounding  each  block  of  six  or  eight  sections  have  been  found 
amply  sufficient ;  but  in  a  country  at  all  broken  or  irregular,  some 
of  the  roads  so  laid  out  would  often  be  found  quite  impracticable  ; 
in  such  cases,  it  is  necessary  either  to  trace  and  mark  on  the 
ground  along  the  ridges  of  the  secondary  features,  or  wherever 
the  ground  may  offer  fewest  impediments,  cross  roads  leading 
into  the  main  lines,  and  to  lay  off  the  sections  fronting  upon 
them  ;  or  to  make  these  by-roads  run  through  the  sections  ;  which 
is  to  be  avoided  as  much  as  possible  on  account  of  their  cutting 
up  small  properties,  and  entailing  a  very  considerable  expense  in 
the  increased  quantity  of  fencing  required. 

In  parts  of  the  country  where  water  is  scarce,  the  greatest  care 
should  be  taken  to  prevent  its  monopoly  by  individuals.  Springs 
and  permanent  water-holes  should  in  such  localities  be  enclosed 
within  a  small  block  of  land  (one  or  two  acres),  and  reserved  for 
the  use  of  neighbouring  flock-owners  and  the  public  generally; 
and  practicable  roads  must  be  arranged  leading  to  these  reserves, 
without  which  excellent  and  extensive  tracts  of  land  would  often 
be  comparatively  valueless. 

As  it  would  evidently  very  much  increase  the  cost  of  laying 
out  sections  having  broken  and  irregular  frontages,  if  they  were 
required  each  to  contain  exactly  the  same  number  of  acres,  the 
nearest  approximation  that  can  be  made  to  the  established  size 
by  the  judgment  of  the  surveyor  should  be  adopted,  and  the 
section  afterwards  sold  according  to  the  quantity  of  land  it  is  found 
to  measure. 

For  the  purpose  of  giving  to  settlers  seeking  for  land  upon 
which  to  locate,  every  facility  for  acquiring  information  respecting 
its  capabilities,  and  the  positions  of  the  different  surveyed  por- 
tions, the  freest  access  to  the  statistical  reports  of  the  surveyors, 
and  to  the  plans  of  the  different  districts  deposited  in  the  Survey 
Office,  should  be  given.  In  addition  to  which,  the  sections  them- 
selves should  be  marked  so  distinctly  upon  the  ground  by  short 
pickets  driven  at  intervals  regulated  by  the  comparative  open  and 
level  character  of  the  country,  as  to  enable  any  person  to  follow 
up  their  boundary  lines  without  difficulty.  The  angular  pickets 
should  be  much  larger,  and  squared  at  the  head,  on  which  the 
number  of  the  section,  and  that  of  all  the  contiguous  sections, 
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should  be  marked.  Adjacent  roads  should  also  be  designated 
by  the  letter  R.  Independent  of  the  corners  of  sections  being 
pointed  out  by  these  pickets,  they  should  be  deeply  trenched  with 
a  small  spade  or  pick,  showing  not  only  the  angle  formed  by 
contiguous  sections,  but  also  the  directions  of  their  boundary  lines. 

Such  marks  remain  easily  recognised  for  years,   and       Koad 
are  not  injured  either  by  bush  fires  or  by  the  constant  ~i 
passage  of  herds  of  cattle,  by  both  of  which  means 
many  of  the  wooden  pickets  are  soon  destroyed. 

It  has  been  generally  considered  expedient  that  roads  120  121 
should  be  reserved  if  not  actually  marked  on  the  ground  (except- 
ing in  cases  where  they  would  interfere  with  the  erection  of 
wharves,  mills,  &c.),  along  the  banks  of  all  navigable  rivers,  the 
borders  of  lakes,  and  along  the  lines  of  a  coast.  This  regulation, 
if  stringently  applied  without  reference  to  peculiar  circumstances 
in  different  localities,  would  often  be  found  oppressive  and  mis- 
chievous. Very  frequently  roads  laid  out  with  judgment  to  the 
various  points  on  the  margins  of  these  waters  which  are  best 
adapted  for  the  purposes  of  fisheries,  watering  flocks,  establishment 
of  ferries,  building  or  launching  boats,  &c.,  with  a  sufficient  space 
reserved  for  the  use  of  the  public  at  these  spots,  would  prove  of 
more  general  utility. 

As  a  general  rule,  as  many  sections  as  possible  should  be  laid 
out  in  the  same  locality,  if  the  land  is  of  a  nature  to  be  soon 
brought  into  cultivation.  Whilst  greater  choice  of  selection  is 
thus  given,  the  comparative  cost  per  acre  of  the  survey  is  dimi- 
nished ;  of  course  this  remark  applies  only  to  situations  the  rapid 
settlement  of  which  is  anticipated. 

In  marking  the  boundaries  of  sections  on  the  ground,  all 
natural  features  crossed  by  the  chain  should  be  invariably  noted 
in  the  field-book,  on  the  outlines  plotted  from  which  are  drawn 
the  general  character  of  the  contours  of  the  hills,  the  different 
lines  proposed  for  roads,  directions  of  native  paths,  wells,  springs, 
and  every  other  object  tending  to  mark  the  nature  and  resources 
of  the  country.  Copies  of  these  plans*  should  always  be  trans- 

*  Two  inches  to  one'mile  is  found  a  very  convenient  scale  for  plans  of  these  sections, 
intended  for  the  information  of  the  public. 
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mitted  to  the  principal  Survey  Office,  accompanied  by  a  rough 
diagram,  showing,  for  future  reference,  the  construction  lines  of 
the  work,  and  the  contents  and  length  of  the  sides  of  all  sections, 
also  the  measure  of  the  angles  when  not  right  angles,  and  by  an 
explanatory  report  describing  the  nature  of  the  soil,  description 
of  timber,  &c.,  upon  each  section,  and  the  facilities  for  making 
and  repairing  roads  and  bridges,  and  peculiar  geological  forma- 
tions of  the  different  districts.  A  collection  of  botanical  and 
mineralogical  specimens  from  all  parts  of  the  province  will  also 
contribute  materially  to  the  early  development  of  its  natural 
resources ;  and  surveyors  should  not  be  deterred  from  giving 
their  attention  to  this  subject  by  ignorance  of  these  sciences,  as 
the  specimens  can  be  afterwards  weeded  and  arranged,  and  afford 
invaluable  statistical  information. 

At  the  head  Survey  Office  a  meteorological  register*  is  of 
course  supposed  to  be  kept.  It  is  also  very  desirable  thateach  of 
the  surveyors  employed  in  any  large  district  should  be  furnished 
with  a  good  thermometer,  rain  gauge,  and  a  mountain  barometer 
or  aneroid,  for  the  purpose  of  registering  daily  observations  to  be 
forwarded  periodically  to  the  general  office  for  comparison  with 
those  obtained  from  different  parts  of  the  province,  between  which 
the  difference  of  peculiarities  of  climate  will  be  thus  arrived  at. 

Surveyors  working  on  a  line  of  coast  should  be  particular  in 
noting  all  phenomena  connected  with  the  rise  and  fall  of  the 
tides,  and  in  obtaining  soundings,  laid  down  with  reference  to 
established  and  easily-recognised  marks  on  shore,  of  all  creeks 
and  harbours,  whenever  this  may  be  in  their  power.  The  depths 
and  velocities  of  all  rivers  should  also  be  noted  at  different  points 
in  their  course,  as  well  as  the  periods  of  floods,  and  their  observed 
influence  upon  the  volume  of  water  in  the  river. 

In  laying  out  sections  up  narrow  rocky  ravines,  or  in  situations 
where  creeks  or  any  other  natural  features  present  obstacles  to 
the  continuance  of  the  methodical  rectangular  form  adopted  as 
the  standard  figure,  a  deviation  from  this  form  becomes  of  course 
necessary,  and  the  contents  of  some  of  the  sections  thus  often 
unavoidably  differ  from  the  established  average.  Care  should 

*  A  simple  form  adapted  for  this  is  given  at  the  end  of  the  Astronomical  Tables. 
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however  be  taken  in  such  cases  to  make  the  outline  of  these 
irregular  figures  as  simple  as  the  ground  will  admit  of,  both  on 
account  of  the  additional  trouble  and  time  lost  in  their  survey, 
and  the  increased  cost  of  subsequent  fencing  by  the  purchaser. 

Attention  has  already  been  drawn  in  page  171  to  the  necessity 
of  guarding  against  the  monopoly  of  road  or  water  frontage.  The 
same  sort  of  precaution  is  also  required  in  marking  out  land  in 
rich  narrow  valleys,  or  in  spots  valuable  on  account  of  minerals. 
As  a  general  rule,  from  which  no  deviation  whatever  should  be 
allowed,  it  may  be  laid  down  that  no  section  should  ever  be  per- 
mitted to  enclose  an  undue  proportion  of  land,  unusually  valuable 
from  whatever  cause,  by  extending  its  length  in  the  direction  in 
ivhich  that  valuable  portion  of  land  runs  ;  whether  it  be  a  rich 
agricultural  valley,  a  mineral  lode,  a  stream,  or  watercourse. 

As  regards  the  actual  marking  out  of  the  sections  upon  the 
ground  when  the  figure  is  of  a  square  or  rectangular  form,  the 
process  is  a  very  simple  one,  whether  the  true  meridian,  or  the 
direct  line  of  some  main  road,  or  a  line  forming  any  angle  with 
the  meridian  that  may  be  found  better  adapted  to  the  local  peculi- 
arities of  the  district,  be  adopted  as  the  guiding  line  of  direction. 

A  spot  being  fixed  upon  for  the  starting  point,  represented  by 
A  in  the  accompanying  figure,*  the  normal  line  A  B  is  carefully 
marked  out  by  a  good  theodolite  in  the  re- 
quired direction ;  if  intended  to  correspond, 
or  to  form  any  fixed  angle  with  the  meri- 
dian, this  must  be  determined  by  one  of 
the  methods  explained  in  the  next  chapter. 
The  right  angle  B  A  C  is  then  set  off, 
which  angle  should  be  observed  on  both 
sides  of  A  B  (produced  on  purpose  to  D), 
and  the  chain  measurement  along  these 
lines  A  B  and  A  C,  and  afterwards  along 
the  parallels  to  A  C,  may,  if  two  parties 
are  employed  together  which  can  generally  be  managed  under  the 

*  This  figure  represents  rectangular  sections  of  80  acres,  as  laid  out  in  South 
Australia,  the  length  of  which  bore  to  their  breadth  the  proportion  of  2  to  1 — occupa- 
tion roads  one  mile  apart,  enclosing  eight  sections.  They  were,  however,  frequently 
laid  out  square,  according  to  the  nature  of  the  ground. 
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charge  of  one  efficient  surveyor  with  an  intelligent  assistant,  be 
carried  on  simultaneously,  the  points  of  junction  at  the  angles 
of  the  blocks  forming  in  some  measure  checks  upon  the  accuracy 
of  the  work  as  it  proceeds.  The  size  of  these  sections,  and  the 
intervals  between  the  parallel  sectional  roads,  will  depend  of 
course  upon  local  regulations.  The  operation  would  evidently  be 
simplified  by  running  all  the  measured  lines  in  the  middle  of  these 
roads,  leaving  half  their  breadth  to  be  afterwards  set  off  on  each 
side  by  the  proprietors  of  the  land,  but  the  palpable  objections  to 
this  are  too  serious  to  be  compensated  by  the  trifling  saving 
thereby  effected.  In  fact,  the  real  boundaries  of  no  one  section 
would  by  this  plan  be  marked  on  the  ground  by  the  surveyor ; 
and  constant  disputes  and  encroachments  would  be  the  conse- 
quence of  adopting  it. 

It  must  be  obvious  to  every  practical  surveyor,  that  it  would  be 
impossible  for  him  to  continue  this  mechanical  system  of  marking 
a  series  of  rectangular  figures  on  the  ground  to  any  great  extent 
without  being  liable  to  constantly  increasing  errors,  which  could 
not  be  guarded  against  by  any  degree  of  care  in  the  operation, 
and  of  the  amount  of  which  he  could  never  be  aware  without 
establishing   some   check   altogether   independent   of    the    chain 
measurement  of  the  sections  themselves,  and  this  is  only  to  be 
accomplished  by  combining  with  it  a  triangulation  of  the  country, 
more   or   less  accurate   according   to   the  nature   of  the   survey. 
Whilst,  then,  this  methodical  division  of  the  land  is  in  progress,  it 
is   advisable,  if  anything  like   accuracy  is   required,  and  if  the 
detached  portions  of  settled  country  are  to  be  laid  down  upon  a 
general  map,  that  the  sites  of  the  trigonometrical  stations  should 
be  decided  upon,  and  the  stations  themselves  (however  roughly  they 
may  be  constructed)  erected,  in  order  that  they  may  throughout 
be  made  use  of  as  guides  and  checks  upon  the  measurements. 
The  triangulation  indeed  would  be  found  of  the  greatest  service,  if 
carried  on  rather  in  advance  of  the  detail,  as  in  the  survey  of  old 
countries.     Any  great  accumulation  of  error  could  be  then  easily 
guarded  against,  by  the  angles  observed  at  different  parts  of  the 
chain  survey,  subtended  by  three  or  more  of  the  trigonometrical 
stations,  and   in   very    many  instances   these   stations   could   be 
actually  measured  up  to,  which  should  be  done  wherever  practi- 
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•cable;  by  which  means  the  marking  out  of  the  sections  answers 
the  same  purpose  that  is  obtained  in  ordinary  surveys  by  the 
measurement  of  check  lines,  and  traversing  along  the  roads  by 
which  the  interior  detail  is  mostly  filled  in.  Angles  of  depression 
•and  elevation  should  also  be  taken  to  these  trigonometrical  points 
(whose  altitudes  are  all  obtained  by  the  triangulation),  from 
various  parts  of  the  chain  survey,  the  heights  of  which  positions 
above  the  level  of  the  sea  are  thus  obtained  with  tolerable 
accuracy. 

As  to  the  mode  of  conducting  this  triangulation,  all  necessary 
instructions  have  already  been  given  in  the  third  chapter.  The 
degree  of  accuracy  with  which  the  base  is  measured,  and  the 
angles  observed,  will  depend  evidently  upon  various  contingencies ; 
for  instance — the  extent  over  which  the  triangulation  is  to  be 
carried,  the  time  and  expense  that  can  be  bestowed  upon  it,  the 
degree  of  minutias  required  in  the  maps,  &c.,  &c.  On  the  survey 
of  South  Australia  the  base  was  measured  upon  a  nearly  level 
plain  very  little  elevated  above  the  sea,  with  a  standard  chain, 
the  operation  being  repeated  several  times  to  obtain  a  more 
correct  mean  value :  the  angles  were  observed  with  a  very 
excellent  7-inch  theodolite,  and  the  result  was  found  sufficiently 
accurate  for  the  purpose  of  connecting  all  the  detached  blocks  of 
surveyed  land,  and  laying  down  the  work  to  the  scale  of  2  inches 
to  1  mile. 

In  addition  to  the  above  use  of  the  triangulation,  it  is  found,  in 
the  survey  of  a  wild  country,  peculiarly  serviceable  in  enabling 
the  Government  to  define,  with  the  aid  of  marked  natural  features, 
the  boundaries  of  the  extensive  tracts  of  land  •  leased  to  different 
individuals  for  pasturage,  until,  with  the  increase  of  population 
and  civilisation,  more  convenient  and  better-defined  demarcations 
are  substituted.  Some  of  the  principal  natural  landmarks  of  a 
country  also,  such  as  chains  of  mountains  and  rivers,  traverse  the 
wildest  parts  of  the  land,  where  chain  surveying  would  never 
penetrate.  Many  of  these  landmarks  are  made  the  boundaries 
of  counties,  and  other  internal  territorial  divisions ;  and  their 
positions  in  different  parts  of  their  course  are  often  only  to  be 
determined  by  reference  to  the  trigonometrical  stations,  which 
likewise  serve  as  guides  for  ascertaining  and  laying  down  upon 
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paper  the   directions   of  roads  through    extensive,   barren,   and 
uninhabited  tracts  of  country. 

Most  of  the  foregoing  remarks  have  been  made  under  the 
supposition  that  a  number  of  detached  surveying  parties  are 
distributed  'over  different  parts  of  the  country,  all  working  under 
the  directions  of,  and  reporting  to,  a  central  Survey  Establish- 
ment. As  the  population  becomes  distributed  over  a  wider 
extent,  and  applications  are  constantly  made  for  the  survey  of 
small  irregular  blocks  of  land  to  complete  and  consolidate  pro- 
perties, some  alterations  will  be  required  in  the  method  of  carrying 
on  the  measurement  of  land  to  meet  these  new  demands.*  It 
could  evidently  be  only  by  an  increased  expenditure  of  time  and 
money  that  surveying  parties  could  be  kept  constantly  moving  from 
one  distant  spot  to  another,  to  lay  out,  perhaps,  only  a  very  limited 
number  of  acres  at  each  ;  and  the  division  of  the  country  into 
Districts  for  the  purposes  of  the  survey,  becomes  almost  impe- 
rative. Copies  of  the  plans  of  sections  open  for  selection,  and 
other  information  of  a  similar  character,  would  be  thus  placed 
more  within  reach  of  distant  settlers,  and  their  wants  could  more 
readily  and  rapidly  be  met  without  augmented  expense. 

Portions  of  the  work  might  also  at  this  advanced  stage  of 
progress  be  filled  in  by  contract,  subject  to  careful  and  rigid 
examination ;  the  triangulation,  and  the  previous  chain  measure- 
ment connected  with  it,  affording  sufficient  checks  for  this 
purpose  ;  without  which,  surveying  by  contract  should  be  most 
carefully  avoided,  especially  in  new  communities  where  but  little 
competition  can  be  expected,  and  where  it  would  be  unreasonable 
to  expect  to  find  competent  surveyors  distributed  over  the  remote 
parts  of  the  colony. 

The  rate  of  progress  and  cost  per  acre  of  a  sectional  survey 
such  as  has  been  described,  must  vary  considerably,  according  to 

*  These  subsequent  wants  and  demands  do  not  affect  the  first  stage  of  the  survey 
in  a  new  country  ;  it  is  only  as  it  becomes  gradually  settled  that  they  are  felt.  The 
first  survey  evidently  cannot  be  a  complete,  one,  unless  it  could  embrace  every  acre  of 
land  that  might  by  possibility  be  required  ;  it  is  constantly  demanding  extension  in 
every  direction,  therefore  the  more  imperatively  necessary  is  it,  that  the  first  land 
surveyed  and  laid  down  on  the  maps  should  be  based  upon  a  triangulation  sufficiently 
accurate  to  allow  of  this  extension,  without  the  certainty  of  accumulating  error. 
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the  nature  of  the  country,  the  prices  of  labour  and  provisions, 
and  the  minuteness  of  the  divisions.  If  the  size  of  the  sections  is 
small,  80  or  100  acres  for  instance,  the  number  of  lineal  miles 
to  be  meastired  is  of  course  very  much  greater  in  proportion  than 
would  be  the  case  with  blocks  of  a  larger  area,  and  the  progress 
must  bear  an  inverse  ratio  to  the  increased  expense.  The  facility 
of  transport  is  another  item  that  materially  influences  both  these 
questions,  as  also  the  system  of  marking  out  patches  of  land  in 
whatever  locality  they  may  be  applied  for,  instead  of  carrying 
the  survey  regularly  forward,  embracing  all  the  available  land  in 
its  progress.  On  an  average  the  division  of  the  land  in  South 
Australia  into  sections  containing  generally  about  80  acres  each, 
costs  *  including  the  marking  out  of  the  roads  surrounding  the 
different  blocks  to  which  each  section  had  access  as  well  as  all 
other  roads  through  the  settled  districts,  the  close  picketing  of 
the  boundary  lines  of  each  section,  and  marking  and  trenching 
the  corner  posts ;  with  all  other  details  relative  to  the  survey  of 
such  portions  of  the  natural  features  of  the  ground  as  came 
within  the  limits  of  the  chain  survey,  from  3d.  to  4td.  per  acre; 
and  each  party,  consisting  of  a  non-commissioned  officer  of 
Sappers,  with  four  or  five  labourers,  according  to  the  difficulties 
of  the  country,  marked  out  on  an  average  perhaps  about  30,000  f 
acres  per  annum ;  a  very  large  proportion  of  their  time,  parti- 
cularly towards  the  close  of  the  work,  being  occupied  in  moving 
from  one  distant  part  of  the  colony  to  another  to  meet  the  varying 
demands  for  land. 

The  triangulation  of  the  settled  parts  of  the  province,  and  in 
some  directions  far  beyond  this,  did  not  amount  to  £d.  per  acre ; 
including,  as  did  also  the  average  of  the  sectional  survey,  all 
expenses  of  transport  of  men,  provisions,  and  camp  equipage, 
with  the  wear  and  tear  of  the  latter,  and  that  of  the  necessary 
instruments  ;  in  fact,  all  expenses  excepting  those  connected  with 
the  central  establishment,  where  the  plans  were  drawn  and  ex- 

*  Tliis  average  has  no  reference  to  the  fyrst  settlement  of  the  province  in  1838  ;  it 
applies  more  particularly  to  the  period  between  the  years  1842  and  1848  inclusive. 

f  Occasionally,  under  favourable  circumstances,  three  times  this  average  was  pro- 
duced for  limited  periods. 

N  2 
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liibited,  and  where  the  preliminary  business  of  the  land  sales 
was  conducted. 

Even  had  this  cost  been  doubled  or  increased  in  a  still  greater 
proportion,  it  would  have  been  false  economy  to  have  shrunk  from 
it,  and  have  put  the  settlers  in  possession,  or  rather  to  have  allowed 
them  to  take  possession,  of  land  the  boundaries  and  contents  of 
which  could  not  have  been  relied  upon  or  subsequently  verified. 
The  expense  of  the  surveys  in  all  new  colonies  is  now  defrayed  out 
of  the  proceeds  of  the  sales  of  land ;  and  proof  of  the  recognition 
of  the  advantages  of  the  accurate  delineation  of  the  boundaries  of 
property,  features  of  the  ground,  and  main  lines  of  roads,  &c.,  is 
given  by  the  system  adopted  by  the  New  Zealand  Association  in 
the  establishment  of  the  "  Canterbury  Settlement,"  of  charging  for 
all  land  the  uniform  price  of  31.  per  acre*  (instead  of  the  II.  fixed 
as  the  lowest  upset  price  in  the  other  Australian  colonies  where 
the  plan  of  selling  land  by  auction  is  in  force),  to  provide  funds  for 
a  superior  nature  of  survey,  and  a  variety  of  works  of  a  public 
character;  the  proportions  being  10s.  per  acre  as  the  price  of 
the  waste  land,  10s.  per  acre  for  the  cost  of  the  surveys,  formation 
of  roads,  and  other  miscellaneous  expenditure  ;  20s.  per  acre  to  be 
devoted  to  the  purposes  of  emigration ;  and  another  20s.  per  acre 
to  ecclesiastical  and  educational  purposes. 

The  boundaries  of  what  in  the  Australian  colonies  are  termed 
"  Runs"  for  depasturing  sheep  and  cattle,  are  not  generally 
marked  out  during  the  survey,  but  are  described  by  reference  to 
the  trigonometrical  stations  or  other  known  fixed  points,  the 
approximate  distances  and  bearings  of  the  lines  being  stated.  As 
portions  of  this  land  are  at  all  times  liable  to  be  purchased  by 
individuals,  after  a  due  stipulated  notice  to  the  occupier  of  the 
run,  who  pays  yearly  a  trifling  sum  for  his  licence,  it  would  of 
course  be  a  waste  of  labour  to  mark  out  such  temporary  divisions ; 
but  the  settlers  themselves  very  frequently  define  their  respective 

*  Formerly  land  used  to  be  sold  in  South  Australia  at  the  uniform  fixed  price  of  11. 
per  acre.  The  system  of  selling  by  auction  was  introduced  by  the  Australian  "Waste 
Lands  Act,  in  the  year  1843.  There  are  va/ious  opinions  as  to  the  comparative  merits 
of  these  opposite  systems,  the  first  of  which  was  introduced  by  Mr.  E.  G.  Wakefield  ; 
and  its  advantages  are  strongly  set  forth  in  the  pamphlet  upon  Colonial  Surveying 
published  by  his  brother,  Mr.  F.  Wakefield. 
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limits,  either  by  blazing  the  trees  in  a  wooded  country,  or  by 
running  a  plough  line  across  it  in  an  open  one. 

As  regards  the  interior  division  of  a  colony  into  Counties,  &c., 
the  following  general  regulations,  established  many  years  since, 
are  still  in  use  : — 

Counties  are  to  contain,  as  nearly  as  maybe,  1600  square  miles  ; 
hundreds,  100  square  miles ;  and  parishes,  25  square  miles. 

Natural  divisions,  such  as  rivers,  streams,  highlands,  &c.,  to  con- 
stitute as  much  as  possible  these  boundaries ;  and  for  the  purpose 
of  obtaining  a  well-defined  natural  boundary,  a  smaller  or  greater 
quantity  than  the  above  averages  is  permitted ;  but  not  to  exceed 
or  fall  short  of  such  established  areas  by  more  than  one-third  of 
each. 

Reserves  are  allowed  to  be  made  for  all  necessary  public  roads 
and  other  internal  communications,  either  by  land  or  water ;  also 
for  the  sites  of  towns,  villages,  school-houses,  churches,  and  other 
purposes  of  public  utility  and  convenience. 

When  the  division  between  Provinces  or  Counties,  or  other  lines 
of  territorial  demarcation,  is  represented,  either  altogether  or  in 
part,  by  a  meridian  line,  or  by  a  line  having  any  fixed  angle  with 
the  meridian,  or  by  a  portion  of  the  arc  of  a  parallel  (as  is  the  case 
in  many  of  the  Australian  provinces)  ;  it  is  of  course  necessary  to 
be  able  to  determine  and  mark  upon  the  ground,  with  accuracy 
such  meridian  or  parallel,  directions  for  which  are  given  in  the 
last  chapter  on  Practical  Astronomy.  Most  useful  practical  infor- 
mation upon  this  subject  will  also  be  found  in  the  narrative  of  the 
survey,  and  marking  of  the  boundary  between  the  British  posses- 
sions in  North  America  and  the  United  States  of  America,  in  1842, 
published  by  Major  Robinson,  Royal  Engineers,  in  the  second  and 
third  volumes  of  the  "  Corps  Papers." 

Operations  of  this  nature,  if  conducted  with  the  very  great  care 
and  precision  that  were  bestowed  upon  the  boundary  alluded  to, 
involve  the  perfect  knowledge  of  the  manner  of  using  and  adjust- 
ing the  transit,  and  altitude  arid  azimuth  instruments ;  and  also 
the  management  of  chronometers.  The  boundary  line  between 
South  Australia  and  what  now  constitutes  the  province  of  Victoria 
(the  141st  degree  of  east  longitude)  was  however  determined  (and 
since  marked  on  the  ground  for  a  considerable  distance),  under  the 


182  COLONIAL   SURVEYING. 

New  South  Wales  Government  by  one  of  their  surveyors,*  with 
only  a  sextant,  a  pocket  chronometer,  and  a  small  3J-inch  theodo- 
lite ;  but  though  the  work  was  performed  with  the  greatest  care 
-and  attention,  and  with  probably  as  great  a  degree  of  accuracy  as 
could  be  obtained  with  these  imperfect  instruments,  the  result  can 
of  course  only  be  looked  upon  as  an  approximation  far  too  vague 
for  the'  determination  of  a  division  of  importance.  The  North 
American  boundary,  on  the  other  hand,  may  perhaps  have  been 
defined  with  more  precision  than  was  absolutely  necessary  in  a  line 
of  demarcation  running  for  its  whole  length  through  a  wild  un- 
cleared country. 

EXPLORING    EXPEDITIONS. 

Having  now  gone  through  the  method  of  dividing  the  land  into 
minute  sections  for  occupation,  and  its  further  division  for  terri- 
torial purposes,  this  chapter  will  conclude  with  a  short  reference 
to  the  objects  to  be  held  in  view  in  conducting  exploring  expedi- 
tions beyond  the  bounds  of  the  settled  districts  for  the  purpose  of 
adding  to  the  geographical  knowledge  of  the  country  and  develop- 
ing its  resources ;  which  objects  are  very  similar  in  character  to 
those  described  in  page  168,  when  treating  of  the  preliminary 
operations  of  a  survey  in  a  newly  formed  colony. 

The  nature  of  the  country  to  be  traversed  will,  as  far  as  this  is 
known,  indicate  the  method  of  travelling  that  must  of  necessity  be 
adopted.  Extensive  inland  water  communication,  as  in  the 
Canadas,  points  to  the  canoe  as  the  readiest  mode  of  transport ; 
comparatively  open  and  generally  grassy  land,  as  in  Australia  and 
Southern  Africa,  requires  the  use  of  horses  and  oxen ;  whilst  in 
many  other  countries  the  thick  underwood  can,  in  parts,  be 
traversed  only  on  foot ;  and  'barren  deserts  by  the  aid  of  camels. 
These  different  modes  of  locomotion  evidently  all  require  different 
preliminary  arrangements.  The  objects  in  view,  however,  are 
much  the  same  in  all  cases  ;f  viz.,  a  knowledge  of  the  climate, 
soil,  native  population,  geological  formation,  botanical  character, 
of  the  country,  and  its  resources  of  all  kinds;  as  well  as  the  deli- 

*  Mr.  Tyers. 

t  Expeditions  for  one  single  definite  object,  such  as  tracing  the  sources  of  a  river, 
&c.,  are  not  intended  to  be  here  referred  to. 
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neation  (as  perfect  as  the  time  and  means  that  are  available  will 
admit)  of  the  natural  features  of  the  ground. 

All  points  known  as  portions  of  the  settled  country  being  soon 
left  behind,  the  explorer  has  to  trust  to  his  own  judgment  as  to 
the  best  directions  in  which  to  conduct  his  party;  to  his  own 
energy  in  overcoming  the  natural  obstacles  that  he  will  be  certain 
to  encounter;  and  his  own  practical  skill  in  fixing  at  proper 
intervals  his  different  positions  by  means  of  astronomical  observa- 
tions, and  mastering  rapidly  the  general  massive  features  of  the 
ground  for  the  purpose  of  making  a  rough  sketch  of  the  country 
passed  over,  showing  more  particularly  the  directions  of  the 
principal  ranges  of  hills,  and  of  rivers  and  watercourses. 

In  a  large  party  these  labours  may  often  be  subdivided  advan- 
tageously ;  but  the  leader  must  remember  that  the  entire  respon- 
sibility still  rests  with  him  ;  and  if  he  does  not  actually  participate 
in  every  portion  of  the  work,  he  must  nevertheless  exert  a  general 
influence  over  the  whole. 

As  regards  the  fixing,  with  as  much  accuracy  as  may  be  attain- 
able, the  various  positions  of  encampments,  the  directions  and 
sources  of  rivers,  and  all  marked  prominent  features,  much  as- 
sistance is  to  be  obtained  by  carrying  on,  as  far  as  it  can  be  done, 
a  species  of  rough  triangulation  (with  a  sextant  or  other  portable 
instrument)  from  the  extreme  trigonometrical  stations,  or  from  any 
prominent  landmarks  the  positions  of  which  are  known  and  repre- 
sented on  the  plans.  This  may  however  very  soon  become  imprac- 
ticable from  the  nature  of  the  country  or  other  causes,  and  the 
traveller  then  finds  himself  much  in  the  same  predicament  as  at 
sea,  having  little  beyond  his  dead  reckoning  to  trust  to  for  the 
delineation  on  paper  of  his  day's  work.  In  this  position  he  must 
look  to  the  heavens  for  his  guide ;  and  hence  the  necessity  for  his 
becoming  himself,  or  having  with  him,  a  good  and  rapid  observer. 

At  sea,  the  latitude  is  always  obtained  at  noon  by  a  meridian 
altitude  of  the  sun*  (when  visible) ;  "  siyhts"  as  they  term  obser- 
vations of  single  altitude  for  time,  having  been  taken  three  or  four 
hours  before.  The  latitude  obtained  at  noon  is  then  reduced  by 


*  For  the  method  of  calculating  the  latitude  from  a  meridian  altitude,  see  Chapter 
XII. 
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dead  reckoning  to  what  it  would  have  been  at  the  time  and  place 
of  the  morning  observation  (using  the  traverse  table),  and  with 
this  deduced  latitude  the  hour  angle  is  computed,*  and  the 
equation  of  time  plus  or  minus  applied  for  the  mean  local  time  -r 
which,  when  compared  with  the  Greenwich  time,  shown  by  the 
chronometer  (allowing  for  its  rate  and  error),  gives  the  longitude 
east  or  west  of  Greenwich  at  the  time  of  the  morning  observation. 

By  applying,  by  dead  reckoning,  the  change  in  longitude 
between  that  time  and  noon,  the  longitude  of  the  ship  at  noon  is 
obtained, — the  latitude  has  already  been  found  by  direct  observa- 
tion,— and  the  two  determinations  afford  the  means  of  recording 
upon  the  chart  the  position  of  the  ship  at  noon  on  that  day. 

Somewhat  similar  to  the  above  proceeding  must  be  that  of  the 
explorer  in  a  wild  unknown  tract  of  country.  He  would  not 
probably  find  it  convenient  always  to  obtain  his  latitude  at  noon  ; 
but  he  can  generally  do  so  (and  more  correctly)  at  night*  by  the 
meridian  altitude  of  one  or  more  of  the  stars  of  the  first  or  second 
magnitude,  whose  right  ascension  and  declination  are  given  in  the 
Nautical  Almanac.  His  local  time  can,  immediately  before  or 
after,  be  ascertained  by  a  single  altitude  of  any  other  star  out  of 
the  meridian  (the  nearer  to  the  prime  vertical  the  better)  ;  and  if 
he  carries  a  pocket  chronometer  upon  which  any  dependence  can 
be  placed,  he  has  thus  the  means,  by  comparison  with  his  local 
time,  of  obtaining  his  approximate  longitude,  and  of  laying  down 
his  position  upon  paper. 

In  travelling,  the  rate  of  the  chronometer  will  probably  be  found 
to  vary,  and  as  frequent  halts  of  two  or  three  days  are  likelv  to 
occur,  these  opportunities  should  never  be  lost  of  ascertaining  the 
change  of  rate.  The  longitude  should  also  be  obtained  occasion- 
ally by  lunar  observations  on  both  sides  of  the  meridian ;  or  by 
some  of  the  other  methods  given  in  the  last  chapter. 

The  results  deduced  from  such  observations  must  not  be  relied 
upon  within  eight  or  ten  miles,  but  a  careful  observer  should 
rarely  exceed  these  limits ;  and  his  latitude  *  ought  always  to  be 
within  half  a  mile,  or  tinder  the  most  unfavourable  circumstances, 
one  mile  of  the  truth.  See  page  227  for  further  remarks  on  this 
subject. 

*  See  Chapter  XII.  oil  Practical  Astronomy. 
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With  these  all-important  data,  enabling  him  to  fix  with 
approximate  accuracy  point  after  point*  in  his  onward  course,  the 
explorer  can  have  no  difficulty  in  interpolating  by  angles  taken 
with  a  sextant  or  with  an  azimuth  compass,  all  strongly-marked 
prominent  features,  or  in  laying  down  his  route  upon  paper 
correctly  enough  for  the  purposes  of  identifying  particular  spots, 
and  giving  a  faithful  general  representation  of  the  features  of  the 
ground  he  has  travelled  over.  The  value  of  this  sketch  will  be 
much  enhanced  by  its  having  recorded  on  it,  as  nearly  as  they  can 
be  ascertained  by  the  mountain  barometer  or  aneroid,  f  or  by  the 
temperature  at  which  water  is  found  to  boil, I  the  altitudes  of  the 
most  important  positions,  as  the  summits  of  hills,  the  levels  of 
plains,  and  sources  of  springs  and  rivers. 

Daily  meteorological  observations,  even  of  the  most  simple 
character,  such  as  merely  recording  the  readings  of  the  thermo- 
meter and  barometer  at  stated  times,  will  also  prove  of  essential 
service  as  illustrative  of  the  climate ;  and  these  will  be  of 
additional  value  if  accompanied  by  a  record  of  the  quantity  of  rain 
fallen  on  different  days  should  any  portion  of  the  party  be 
stationary  for  sufficient  length  of  time  at  any  one  spot  to  make 
these  observations.  If  not  provided  with  a  rain  gauge  of  a  better 
description,  a  tin  pipe  with  a  large  funnel,  the  area  of  the  top  of 
which  bears  a  certain  proportion  to  that  of  the  tube,  will 
answer  perfectly  to  measure  the  quantity  of  water  fallen 
A  light  graduated  wooden  rod  is  fixed  in  a  cork  float,  and 
indicates,  above  the  level  of  the  top  of  the  funnel,  the 
number  of  inches ; — the  graduations  of  the  rod  of  course 
being  proportioned  to  the  ratio  between  the  areas  of  the 
surface  of  the  funnel  and  that  of  the  tube.  Thus,  if  the  pro- 
portion is  ten  to  one,  the  measuring  rod  will  be  lifted  10  inches  for 
every  inch  of  rain. 

*  The  distances  between  positions,  the  latitudes  and  longitudes  of  which  have  been 
determined,  can  be  easily  calculated  in  the  manner  described  in  the  next  Chapter;  by 
which  means  they  can  be  laid  down  with  more  accuracy,  if  the  extent  of  ground 
travelled  over  is  not  very  great. 

t  See  Chapter  XII.  £  See  page  123. 


CHAPTER  XL 

CfEODESICAL  OPERATIONS  CONNECTED  WITH  A  TRIGONOMETRICAL 

SURVEY. 

IN  the  words  of  Sir  J.  Herschel,  "  Astronomical  Geography  has 
for  its  objects  the  exact  knowledge  of  the  form  and  dimensions  of 
the  earth,  the  parts  of  its  surface  occupied  by  sea  and  land,  and 
the  configuration  of  the  surface  of  the  latter  regarded  as  pro- 
tuberant above  the  ocean,  and  broken  into  the  various  forms  of 
mountain,  table  land,  and  valley." 

THE  FORM  OF  THE  EARTH  is  popularly  considered  as  a  sphere, 
but  extensive  geodesical  operations  prove  its  true  figure  to  be  that 
of  an  oblate  spheroid,  flattened  at  the  poles,  or  protuberant  at  the 
equator ;  the  polar  axis  being  about  ^-^  part  shorter  than  the 
equatorial  diameter.*  This  result  is  arrived  at  by  the  measure- 
ment of  arcs  of  the  meridian  in  different  latitudes,  by  which  it  is 
ascertained  beyond  the  possibility  of  doubt,  that  the  length  of  a 

*  The  exact  determination  of  arcs  of  the  meridian  measured  in  France,  and  also  the 
comparison  of  the  three  portions  into  which  the  arc  of  the  meridian  between  Clifton 
and  Dunnose  was  divided,  presenting  the  same  anomaly  of  the  degrees  appearing  to 
diminish  as  they  approach  the  pole,  are  opposed  to  the  figure  of  the  earth  being 
exactly  a  homogeneous  or  oblate  ellipsoid;  but  its  approximation  to  that  figure  is  so 
close  that  calculations  based  upon  it  are  not  affected  by  the  supposed  slight  differ- 
ence. The  proximity  of  the  extreme  stations  to  mountainous  districts  was  supposed 
to  have  been  partly  the  cause  of  this  discrepancy,  as  the  attraction  of  high  land,  by 
affecting  the  plummet  of  the  Zenith  Sector,  might  have  vitiated  the  observations  for 
the  difference  of  latitude  between  two  stations.  A  survey  was  undertaken  by  Dr. 
Maskeylene  solely  to  establish  the  truth  of  this  supposition,  the  account  of  which  is 
published  in  the  "Philosophical  Transactions"  for  1775.  A  distance  of  upwards  of 
4000  feet  was  accurately  measured  between  two  stations,  one  on  the  north  and  the 
other  on  the  south  side  of  a  mountain  in  Perthshire.  The  difference  of  latitude 
between  these  extremities  of  the  measured  distance  was,  from  a  number  of  most 
.careful  observations,  determined  to  be  54"  '6.  Gcodcsically  this  arc  ought  to  have  been 
only  42"  '9,  showing  an  error  of  11"  '7  due  to  the  deflection  of  the  plummet. 
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degree  at  the  equator  is  the  least  that  can  be  measured,  and  that 
this  length  increases  as  we  advance  towards  the  pole ;  whence  the 
greater  degree  of  curvature  at  the  former,  and  the  flattening  at 
the  latter,  is  directly  inferred. 

The  equatorial  diameter  of  the  earth,  as  derived    from    the 
Ordnance  Survey,  is  7926'610  miles,  the  ellipticity  is  -^.-3^. 

The  mean  specific  gravity  of  the  earth,  as  derived  from  the 
observations  at  Arthur's  Seat  (vol.  vi.  RE.  Prof.  Papers),  is  5'316. 
By  the  Schehallean  observations,  as  finally  corrected  by  Hutton, 
the  mean  specific  gravity  is  •§-§-,  or  almost  5'0. 

From  the  experiments  with  balls  are  the  following  results  : — 
By  Cavendish,  as  corrected  by  Baily     5'448 

ByBaily 5'67 

By  Reich 5'44 

From  the  pendulum  experiment,  at  a  great  depth  and  on  the 
surface,  the  Astronomer  Royal  obtained  6'566. 

Our  "  diminutive  measures  "  can  only  be  applied  to  compara- 
tively small  portions  of  the  surface  of  the  earth  in  succession  ; 
but  from  thence  we  are  enabled,  by  geometrical  reasoning,  to 
deduce  the  form  and  dimensions  of  the  whole  mass. 

There  are  two  difficulties  attending  the  measurement  of  any 
definite  portion  of  the  earth's  circumference  (such  as  one  degree, 
for  instance*)  in  the  direction  of  the  meridian,  independent  of 
those  caused  by  the  distance  along  which  it  is  to  be  carried :  the 
first  is,  the  necessity  of  an  undeviating  measurement  in  the  true 
direction  of  a  great  circle  ;  and  the  second,  the  determination  of 
the  exact  spot  where  the  degree  ends. 

The  earth  having  on  its  surface  no  landmarks  to  guide  us  in 
such  an  undertaking,  we  must  have  recourse  to  the  heavens  ;  and 
though  by  the  aid  of  the  stars f  we  can  ascertain  when  we  have 
accomplished  exactly  a  degree,  it  is  far  more  convenient  to  fix 

*  More  than  an  entire  degree  (about  100  miles)  was  actually  measured  on  the 
ground  in  Pennsylvania,  by  Messrs.  Mason  and  Dixon,  with  wooden  rectangular  frames, 
20  feet  long  each,  laid  perfectly  level,  without  any  triangulation.  Page  1 0,  '  'Discours 
Pre'liminaire,  Base  duSysteme  Mdtrique,"and  "  Philosophical  Transactions  "  for  1768. 

f  The  stars  whose  meridional  altitudes  are  observed  for  the  determination  of  the 
latitude  should  be  selected  among  those  passing  through,  or  near,  the  zenith  of  the 
.place  of  observation,  that  the  results  may  be  as  free  as  possib*  from  any  uncertainty 
as  to  the  amount  of  refraction.  With  proper  care  and  a  good  instrument,  the  latitude 
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upon  two  stations  as  the  termini  of  the  arc  to  be  measured,  having 
as  near  as  possible  the  same  longitude,  and  to  calculate  the  length 
of  the  arc  of  the  meridian  contained  between  their  parallels  from 
a  series  of  triangles  connected  with  a  measured  base,  and  extending 
along  the  direction  of  the  arc.  From  the  value  thus  obtained, 
compared  with  the  difference  between  the  latitudes  of  the  two- 
termini  determined  by  a  number  of  accurate  astronomical  observa- 
tions, can  be  ascertained  of  course  the  length  of  one  degree  in  the 
required  latitude. 

THE  MEASUREMENT  OF  AN  ARC  OF  THE  MERIDIAN,  OR  OF 

A  PARALLEL,  is  perhaps  the  most  difficult  and  the  most  important 
of  geodesical  operations,  and  nothing  beyond  a  brief  popular  de- 
scription of  the  modes  of  proceeding  which  have  been  adopted  in 
this  country,  and  elsewhere,  can  be  here  attempted.  For  the  de- 
tails of  the  absolute  measurement  of  the  bases  from  which  the 
elements  of  the  triangles  were  deduced,  as  well  as  the  various 
minute  but  necessary  preliminary  corrections,  and  the  laborious 
analysis  of  the  calculation  by  which  the  length  of  the  arcs  were 
determined  from  these  data,  reference  must  be  made  to  the 
standard  works  descriptive  of  these  operations. 

At  the  end  of  the  second  volume  of  the  "  Account  of  the  Opera- 
tions on  the  Trigonometrical  Survey  of  England  and  Wales,"  will 
be  found  all  the  details  connected  with  the  measurement  of  an  arc 
of  the  meridian,  extending  from  Dunnose  in  the  Isle  of  Wight,  to 
Clifton  in  Yorkshire.  The  calculations  are  resumed  at  page  354 
of  the  third  volume ;  the  length  of  one  degree  of  the  arc  resulting 
from  which,  in  latitude  52°  30'  (about  the  centre  of  England),  being 
equal  to  365,091.7  feet* 

An  arc  of  a  parallel  was  also  measured  in  the  course  of  the 
trigonometrical  survey  between  Beachy  Head  and  Dunnose,  in 
1794,  but  fault  has  been  since  found  with  the  triangulation,  and 
corrections  have  been  applied  to  the  longitudes  deduced  therefrom, 
which  are  alluded  to  in  "  The  Chronometer  Observations  for  the 

for  so  important  a  purpose  ought  to  be  determined  within  one  second  of  space,  unless 
local  causes  interfere  to  affect  the  result. 

*  "Loomis,"  1870,  gives  equatorial  radius  20923599.98  Englislj  feet  ;  compres- 
sion of  the  earth  1  -~299. 152818 :  degree  of  latitude  at  equator  362,748.33  feet  ; 
degree  of  latitude  at  45°,  364,571.77  feet. 


A   TRIGONOMETRICAL    SURVEY.  189 

Difference  of  the  Longitudes  of  Dover  and  Falmouth,"  by  Dr. 
Tiarks,  published  in  "The  Phil.  Trans,  for  1824,"  and  in  Mr. 
Airy's  paper  "  On  the  Figure  of  the  Earth." 

FRENCH  STANDARD  OF  WEIGHTS  AND  MEASURES. 
The  arc  measured  by  Messrs.  Mechain  and  Delambre  between 
the  parallels  of  Dunkirk  and  Barcelona,  described  in  detail  in  the 
"Base  du  Systeme  Me'trique  Decimal,"  had  for  its  object  (as  the 
title  of  the  work  implies)  not  only  the  determination  of  the  figure 
of  the  earth,  but  also  that  of  some  certain  standard,  which,  being 
an  aliquot  part  of  a  degree  of  the  meridian  in  the  mean  latitude 
of  45°,  might  be  for  ever  recognised  by  all  nations  as  the  unit  of 
measurement.  To  have  any  idea  of  the  labour  and  science  devoted 
to  this  purpose,  it  is  necessary  to  refer  to  the  work  itself,  in  which 
will  be  found  the  reasons  for  preferring  a  portion  of  the  measure- 
ment of  the  surface  of  the  globe  involving  only  the  consideration 
of  space,  to  the  length  of  a  pendulum  vibrating  seconds  having 
reference  both  to  time  and  space.  In  addition  to  the  determina- 
tion of  this  standard  of  linear  measurement,  which  was  denomi- 
nated the  "metre,"  and  denned  to  be  the  ten-millionth  part  of  a 
quarter  of  a  great  circle  passing  through  the  poles,*  the  Committee, 
consisting  of  all  the  most  distinguished  scientific  men  on  the  Con- 
tinent, agreed  also  upon  a  standard  of  weight  derived  from  the 
same  source.  A  cube,  each  side  TV  part  of  the  metre,  or  a  "deci- 
metre "  (chosen  on  account  of  its  convenient  size),  was  supposed  to 
bft  filled  with  distilled  water  of  the  temperature  of  ice  just  melting ; 
and  the  weight  of  the  fluid  constituted  the  " kilogramme"  This 

*  The  French  Commissioners,  however,  having  in  their  calculations  employed  5!j¥  as 
their  value  of  the  earth's  compression,  now  known  to  be  incorrect,  the  metre,  strictly 
speaking,  can  no  longer  be  so  denned.  The  determination  of  the  value  of  the  English 
standard — the  yard— has  been  recommended  by  the  commissioners  appointed  in  1841 
for  the  restoration  of  the  standards  of  weight  and  measures  after  the  injury  done  to 
the  original  standard  by  the  burning  of  the  House  of  Commons  in  which  it  was  depo- 
sited, to  be  effected  by  joint  reference  to  the  three  standards  extant  upon  which  most 
reliance  can  be  placed;  viz.,  those  belonging  to  the  Royal  Society,  the  Royal  Astro- 
nomical Society,  and  the  Board  of  Ordnance,  instead  of  having  recourse  to  the 
standard  previously  established  by  Act  of  Parliament,  of  the  length  of  a  pendulum 
vibrating  seconds  at  a  fixed  temperature  in  the  latitude  of  London.  Mr.  Baily  states 
this  length  at  the  level  of  the  sea,  in  vacuo,  at  the  temperature  of  62°  Fahr.,  by  Sir 
•G.  Shuckburgh's  scale,  to  be  39 '1393  inches. 
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temperature  was  selected  as  being  pointed  out  by  nature,  and  in- 
dependent of  any  artificial  gradations ;  and  also  as  being  the  point 
at  which  the  density  of  water  is  nearly  a  maximum,  as  it  expands 
immediately  on  solidifying,  although  down  to  about  40°  it  con- 
tinues gradually  to  condense.  No  other  substance  either  liquid  or 
solid  combines  so  many  recommendations ;  but  the  difficulty  that 
arose  was  to  construct  a  solid  mass  representing  this  weight  of 
water  which  might  be  kept  as  a  standard  ;  their  method  of  over- 
coming this  is  explained  at  pp.  563,  626,  and  the  following  pages 
of  the  third  volume.  "  Bodies  of  unequal  specific  gravities  may 
weigh  equally  in  one  state  of  the  atmosphere,  but  not  so  in  one  of 
either  greater  or  less  density,  and  a  vacuum  was  therefore  of  neces- 
sity resorted  to."  In  the  words  of  the  Keport  (vol.  iii.  p.  565), 
"  C'est  au  poids  du  decimetre  cube  d'eau  distillee,  a  sa  plus  grande 
densite,  qu'on  doit  faire  egal  le  poids  d'une  masse  solide  donnee, 
tous  les  deux  e'tant  supposes  dans  le  vide ;  voila  a  quoi  se  reduisait 
la  question  de  la  fixation  de  1'unite  de  poids."  In  the  end,  cylin- 
ders of  platinum  and  of  brass  were  constructed,  of  precisely  the 
same  weight  as  the  kilogramme  of  water,  both  weighed  in  a 
vacuum.  These  two,  from  the  difference  of  their  masses,  evidently 
would  not  weigh  alike  in  the  air.  A  brass  cylinder  (of  which 
several  were  made)  was  kept  as  a  standard  for  public  use ;  the 
platinum  presented  to  the  "  Institut,"  to  be  deposited  there  as  "  le 
representatif  d'une  masse  d'eau  prise  a  son  maximum  de  condensa- 
tion, contenue  dans  le  cube  du  decimetre,  et  pesee  dans  le  vide." 

During  the  progress  of  these  operations,  observations  were  ma*de 
by  Borda  (whose  repeating  circles  of  16  and  16  J  inches  diameter 
were  used  in  triangulation),  on  the  length  of  a  pendulum  vibrating 
seconds  at  the  level  of  the  sea,  in  the  latitude  of  45°,  at  one  deter- 
minate temperature.  The  length  of  this  pendulum  (of  platina) 
was  ascertained  in  millimetres,  and  was  declared  by  the  Committee 
to  be  so  accurate,  as  to  serve,  in  case  of  any  accident  happening  to 
the  standard,  to  construct  again  the  unit  of  measurement  without 
another  reference  to  an  arc  of  the  meridian. 

The  prolongation  of  the  measurement  of  this  arc  from  Bar- 
celona to  Formentera,  the  most  southerly  of  the  Balearic  Isles,  and 
its  connection  with  England  and  Scotland,  was  published  in  1821 
by  Messrs.  Biot  and  Arago  (under  whom  the  operations  were  con- 
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ducted),  in  a  work  entitled  "  Recueil  des  Observations  Geodesiques^ 
Astronomiques,  et  Physiques."  The  whole  arc  measured  amounted 
nearly  to  12J°,  and  was  crossed  at  about  half  its  length  by  the 
mean  parallel  of  45°. 

PRINCIPAL  MEASURED  ARCS  OF  MERIDIAN. 

The  following  table,  taken  from  Mr.  Airy's  "  Figure  of  the 
Earth,"  published  in  the  Encyclopedia  Metropolitana,"  shows  the 
length  of  the  principal  arcs  of  meridian  and  parallel  that  have  been 
measured  in  different  latitudes  : — 


AECS  OF  MERIDIAN". 

Latitude  of 
Mid.  Point. 

Amplitude  of 
Arc. 

Length  in 
Eng.  ft. 

Peruvian  Arc,  calculated  by  Delambre  . 
Maupertuis'  Swedish.  Arc   

1°  31'      0" 
66     19     37 

3°     7'    3"! 
0    57    30'4 

1131057 
351832 

French  Arc,  by  Lacaille  and  Cassini 
Roman  Arc,  by  Boscovich,  ..... 

46     52      2 
42     59       0 

8     20      0.3 
2      9     47 

3040605 
787919 

Lacaille's  Arc,  near  the  Cape  of  Good  ) 
Hope     i 

33     18     30 

1     13    17-5 

445506 

American  Arc,  by  Mason  and  Dixon 
French  Arc,  from  Formentera  to  Dunkirk 
Svanberg's  Swedish  Arc      
English  Arc,  from  Dunnose  to  Burleigh  ) 
Moor     \ 

39     12      0 
44    51       2 
66    20     10 

52     35     45 

1     28     45 
12    22     12-6 
1     37     19-3 

3     57     131 

538100 
4509402 
593278 

1442953 

Lambton's  first  Indian  Arc      .... 
Lambton's  second  Indian  Arc,  as  ex-  ) 
tended  by  Everest    .          .     .     .     .  \ 

12     32    21 
16      8     22 

1     34    56-4 

15    57    40'2 

574368 
5794599 

Piedmontese  Arc,  by  Plani  and  Carlini  . 
Hanoverian  Arc,  by  Gaufs'  
Russian  Arc  by  Struve            .     .     . 

44    57    30 
52     32     17 
58    17    37 

1      7    31-1 
2      0    57-4 
3     35      5  '2 

414657 
736426 
1309742  i 

1    ' 

ARCS  OF  PARALLEL. 

Latitude. 

Extent  in 
Longitude. 

Length  in 
Eng.  ft. 

Arc  across  the  mouth  of  the  Rhone,  by 

43°  31'    50" 

1°   53'    19" 

503022 

General  Roy's   Arc,    between   Beachy 
Head  and  Dunnose   

50    44    24 

1    26    47'9 

336099 

Arc  from  Dover  to  Falmouth  .     .     . 
Arc  from  Padua  to  Marennes  .     .     . 

50     44    24 
45     43     12 

6     22      6 
12    59      3-8 

1474775 
3316976 

The  detailed  accounts  of  the  measurements  of  these  arcs  are  to 
be  found  in  the  works  of  Puissant,  Cassini,  Biot,  Arago,  Borda ;  in 
Colonel  Lambton's  papers  in  the  "Philosophical  Transactions" 
(1818  and  1823) ;  and  in  the  works  of  Captain  Everest,  published 
in  1839 ;  and  a  popular  description  of  the  diffei'ent  methods 
adopted  for  the  measurement  of  the  bases,  in  each  of  these  opera- 
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tions,  is  given  in  the  paper  "  On  the  Figure  of  the  Earth,"  in  the 
"  Encyclopaedia  Metropolitana,"  from  which  the  foregoing  table 
was  extracted. 

The  conclusion  drawn  by  Professor  Airy  from  the  above  measures 
is,  that  "  the  measured  arcs  may  be  represented  nearly  enough  on 
the  whole,  by  supposing  the  earth's  surface  at  the  level  of  the  sea, 
or  at  the  level  at  which  water  communicating  freely  with  the  sea, 
would  stand,  to  be  an  ellipsoid  of  revolution  whose  polar  semi-axis 
is  20853810  English  feet,  or  3949'583  miles  ;*  and  whose  equatorial 
radius  is  20923713  feet,  or  3962'824  miles.  The  ratio  of  the  axis 
is  298-33  to  299'33  :  and  the  ellipticity  (measured  by  the  quotient 
of  the  difference  of  the  axis  by  the  smaller  is  -^^l-^-j,  or  "003352. 
The  meridional  quadrant  is  32811980  feet,  and  one  minute  = 
6076-2777  feet." 

Mr.  Baily  assumes  the  proportion  between  the  polar  axis  and 
the  equatorial  diameter  to  be  as  304  to  305,  whence  the  com- 
pression amounts  to  -j™. 

The  most  general  valuation  of  the  compression  is  T£-0-,  and  in 
the  numerous  tables  of  compression,  given  by  Dr.  Pearson  in 
his  invaluable  work  on  Practical  Astronomy,  it  varies  from  -r^- 
to  34T. 

Instructions  for  conducting  the  measurement  of  arcs  of  the 
meridian  will  be  found  in  Francceur,  page  148,  and  also  in 
Puissant's  "  Geodesic,"  vol.  i.  p.  242,  and  in  the  12th  chapter  of 
Woodhouse's  "  Trigonometry."  Below  is  given  a  popular  account 
of  the  methods  of  procedure. 

The  line  A  X  in  the  figure  annexed  (fig.  1)  represents  a  portion 
of  an  arc  of  the  meridian  on  which  it  is  required  to  measure  the 
length  of  one  degree.  A  and  L  are  the  two  stations  selected  as 
the  extreme  points  to  be  connected  by  a  series  of  triangles  ABC, 

*  R.  E.  Prof.  Papers,  Vol.  VII.,  Sir  H.  James  states— 

1st.  The  elements  of  the  spheroid  most  nearly  representing  the  surface  of  Great 
Britain  are, 

Feet.        Miles. 

Equatorial  semi-diameter  =20926249  =  3963 '305  )          .ression=-L 
Polar  semi-diameter         =20856337  =  3950-064)  L    299 '33 

2nd.  The  elements  of  the  spheroid  most  nearly  representing  the  whole  of  the  mea- 
sured areas  considered  in  his  paper  are, 

Equatorial  semi-diameter  =  20924933  =  3963  '057  )  _   1 

Polar  semi-diameter         =20854731  =  3949760  $  compie        L~2~98'07 
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BCD,  D  C  E,  &c.,  running  along  the  direction  of  the  meridian 
which  passes  through  A.  The  vertices  of  these  triangles,  particu- 
larly the  station  L,  are  purposely  chosen  as  near  as  possible  to  this 
meridian  line  ;  and  the  distance  from  A  to  X,  the  intersection  of  a 
perpendicular  to  the  meridian  drawn  through  L  (the  distance  L  X 
Fig.  1.  Fig.  2. 

1 

.  *          ** 

r 


being  short),  or  more  correctly  to  X',  the  point  of  intersection  with 
this  meridian  of  the  parallel  drawn  through  L  becomes  the  distance 
to  be  attained  by  calculation.  The  length  of  A  B,  or  of  any  other 
side,  is  first  accurately  determined  with  reference  to  some  measured 
base,  and  the  angles  at  the  vertices  of  all  the  triangles  observed 
with  the  most  rigid  accuracy ;  and  after  the  necessary  corrections 
for  spherical  excess  have  been  made,  with  the  reductions  to  the 
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centre  and  to  the  horizon  if  required,*  the  sides  of  the  triangles 
are  calculated  from  these  data,  as  if  projected  on  the  surface  of  the 
globe,  at  the  mean  level  of  the  sea.  The  azimuths  of  all  these  sides 
also  require  to  be  known,  that  is,  the  angles  they  respectively 
make  with  the  meridian,  which  can  be  calculated  from  C  A  X, 
or  any  other  azimuth  which  has  been  observed,  and  the  latitudes 
of  the  two  extreme  stations  must  be  ascertained  with  all  the 
minuteness  of  which  the  best  instruments  are  capable  t  for 
comparison  with  the  distance  obtained  by  calculation  between 
them.  The  first  method  that  was  adopted  of  ascertaining  from 
these  data  the  required  length  of  A  X,  is  termed  that  of  oblique- 
angled  triangles,  described  in  Francceur's  "Geode'sie,"  p.  151  ; 
in  " Puissant,"  vol.  i.  p.  243;  in  the  "Base  du  Systeme 
Metrique ; "  and  in  p.  277  of  Woodhouse's  "  Trigonometry." 
It  consists  in  calculating  the  distances  A  M,  M  M',  &c.,  on  the 
meridian  line  between  the  intersections  of  the  sides  of  these 
triangles,  or  their  prolongations,  as  at  N  ;  their  sum  evidently 
gives  the  total  length  A  X. 

The  preliminary  steps  of  the  second  method  are  the  same  ;  but 
instead  of  finding  the  distances  A  M,  M  M',  &c.,  the  perpendiculars 
to  the  meridian  J  B  b,  C  c,  D  d,  are  calculated  (p.  246,  Puissant's 
"  Geodesie,"  vol.  i.),  the  azimuths  of  all  the  sides  being  known  ; 
and  from  thence  are  obtained  the  distances  on  the  meridian 
A  b,  Ac,  cN,  &c.,  and  of  course  the  total  length  AX.  This 
method  was  introduced  by  M.  Legendre,  and  has  been  partly 
adopted  in  the  calculation  of  the  arc  measured  between  Dunkirk 
and  Barcelona  described  in  the  "  Base  du  Systeme  Metrique,"  as 
also  on  that  between  Dunnose  and  Clifton,  it  being  considered  not 
only  more  expeditious,  but  also  more  correct.  Another  advantage 
of  this  method  is  (if  all  the  triangles  are  intersected  by  the 
meridian),  that  by  calculating  the  various  portions  of  which  the 
arc  is  composed  from  the  right-angled  triangle  formed  on  each 
side  of  the  meridian  separately,  one  result  serves  as  a  check  upon 
the  other. 

*  Francoeur's  "Geode'sie,"  p.  132  ;  Airy's  "Figure  of  the  Earth,"  p.  199. 
f   f  No  less  than  3900  observations  were  made  for  the  determination  of  the  latitude 
of  Formentera. 

J  Perpendiculars  to  the  meridian  in  a  sphere  cut  the  equator  in  two  points  diame- 
trically opposite,  but  not  in  an  ellipsoid  of  revolution,  or  in  an  irregular  spheroid. 
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A  modification  of  this  method  is  described  in  Puissant's 
"  Geodesie,"  p.  248,  which  consists  in  constructing  through  the 
vertices  of  the  triangles  parallels  both  to  the  meridian  A.  X  and  the 
'perpendicular  A  Y,  without  taking  any  account  of  the  spherical 
excess.  The  intersections  of  these  lines  form,  with  the  sides  of 
the  triangles,  right-angled  triangles,  of  which  those  sides  are  the 
hypothenuses ;  and  the  azimuth  of  each  being  known,  all  the 
elements  can  be  ascertained,  as  is  evident  by  reference  to  Jig.  2. 
In  this  manner  the  distances  of  several  places  from  the  perpendi- 
cular, and  the  meridian  passing  through  the  observatory  of  Paris, 
were  calculated  by  Cassini. 

The  third  method  ("  Puissant,"  vol.  i.  p.  316)  of  ascertaining 
the  length  of  the  arc  AX  is  by  determining  the  geographical 
positions  of  the  vertices  of  the  triangles  extending  along  the 
meridian,  and  calculating  the  difference  of  their  parallels  of 
latitude  projected  on  the  meridian,  the  sum  of  these  being  the 
measure  of  the  arc. 

The  measure  of  an  arc  of  a  parallel  is  calculated  by  a  similar 
process,  which  is  described  at  p.  319  of  the  same  work. 

The  methods  of  calculating  geodesically  the  latitudes,  longi- 
tudes, and  azimuths  of  the  different  stations  from  one  meridian 
with  the  rigid  accuracy  required  in  such  operations  as  the  measure- 
ment of  an  arc  of  the  meridian  or  parallel,  will  be  found  fully 
explained  in  the  12th  chapter  of  Woodhouse's  "  Trigonometry;" 
in  the  18th  chapter  of  Puissant's  "  Gdode'sie  ; "  and  in  "  Francceur." 
Their  determination  by  astronomical  observations  will  be  treated 
of  hereafter. 

On  the  supposition  that  the  earth  is  a  sphere,  the  calculations 
are  resolved  into  the  solution  of  spherical  triangles. 

The  accurate  length  of  the  arc  on  the  surface  of  the  earth 
between  two  very  distant  places  whose  latitude  and  longitude  have 
been  determined,  is  on  account  of  the  spheroidal  figure  of  the 
globe  a  problem  of  great  difficulty,  and  of  no  real  practical  utility ; 
—it  is  fully  investigated  in  Puissant's  "  Ge'ode'sie,"  vol.  i.,  p.  296.* 
Between  stations  however  within  the  limits  of  triangulation,  it  is 
often  useful  to  calculate  the  distance  as  a  check  upon  the  geode- 

*    See  also  Francceur's  " Geodesic,"  p.  208. 

o  2 
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sical  operations  ;  and  in  the  length  of  an  extended  line  of  coast,  or 
in  a  wild  country,  where  triangulation  may  be, 
from  local  obstacles  or  want  of  means,  quite  im- 
possible, the  solution  of  this  problem  is  of  great 
importance  for  the  purpose  of  laying  down  upon 
paper  the  positions  of  a  certain  number  of  fixed 
stations,  between  which  the  interior  survey  has 
to  be  earned  on;  and  it  is,  within  such  bounds, 
one  of  easy  application,  particularly  in  the  latter 
case  where  the  observations  themselves  are  ge- 
nerally taken  with  portable  instruments,  and 
not  with  minute  accuracy. 

In  the  accompanying  figure,  P  is  the  pole  of 
the  earth  (considered  as  a  sphere),  and  S  and  S'  the  two  stations,, 
whose  latitude  and  longitude  are  determined  ;  the  angle  S  P  S'  is- 
evidently  measured  by  the  difference  of  their  longitude,  and  P  S 
and  P  S'  are  their  respective  latitudes  ;  the  solution  of  the  spherical 
triangle  P  S  S'  then  gives  the  length  of  the  arc  S  S'. 

If  it  is  possible,  when  observing  at  S  and  S',  to  determine  the 
azimuths  of  these  stations  from  each  other,  that  is,  the  angles 
P  S  S'  and  P  S'  S,  a  more  accurate  result  will  be  obtained,  as- 
these  angles  can  be  determined  with  precision,  whereas  the  angle 
P  depends  upon  the  correctness  of  the  observations  for  longitude 
at  each  station,  which  with  portable  instruments  is  always  at  best 
but  a  close  approximation  ;  *  and  the  errors  in  the  determination 
of  each  may  lie  in  the  same  or  in  different  directions.  In  geodesi- 
cal  operations,  if  it  be  possible,  the  reciprocal  azimuths  of  stations 
should  always  be  observed,  as  well  as  the  angles  contained  between 
them  and  other  trigonometrical  points. 

From  these  reciprocal  azimuths,  with  the  astronomical  latitudes 
of  each  station,  the  difference  of  their  longitudes,  or  the  angle  of 
inclination  of  their  meridians,  is  found  by  Dalby's  method  of  solu- 
tion which  is  applicable  to  spheroids.  This  mode  of  determining 
the  difference  of  longitudes  by  observations  of  reciprocal  azimuths 
was  practised  on  the  Ordnance  Survey,  and  the  analysis  of  the 

*  In  cases  where  the  difference  of  longitude  between  the  two  stations  can  be  ascer- 
tained by  means  of  signals,  or  by  the  interchange  of  chronometers,  as  explained  in 
the  next  chapter,  the  measure  of  the  angle  P  may  be  obtained  with  great  accuracy. 
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theorem  is  given  at  length  in  p.  214  of  Airy's  "Figure  of  the 
Earth."  In  the  course  of  the  investigation  it  is  proved,  that  the 
spherical  excess  in  a  spheroidal  triangle  is  equal  to  that  in  a 
spherical  triangle  whose  vertices  have  the  same  astronomical  lati- 
tudes and  the  same  difference  of  longitude ;  from  whence  results 
the  following  simple  rule — 

i    T  w  i         •  i     i  cos  4  diff.  I*1*-  ,  -i  />  ,11 

tan  f  dm.  longitudes =sin  .  sum  of  ^  x  cot  f  sum  of  azimuthal  angles. 

Generally,  a  small  error  in  the  latitudes  produces  no  sensible 
error  in  the  determination,  but,  in  the  azimuths  accuracy  is  of 
vital  importance ;  when  the  latitudes  are  small,  their  correctness 
becomes  of  consequence,  and  the  method  is  not  therefore  well 
.adapted  for  stations  near  the  equator. 

The  angle  at  the  pole  formed  by  the  two  meridians  being  thus 
obtained,  the  distance  S  S'  between  the  stations  can  be  found 
nearly  in  the  triangle  P  S  S' ;  this  arc,  however,  must  be  converted 
into  its  corresponding  value  in  distance  on  the  surface  of  the 
earth ;  and  if  its  spheroidal  figure  be  taken  into  account,  the 
radius  of  curvature  must  be  ascertained  for  the  middle  lati- 
tude \  (l-l"). 

RADIUS    OF    CURVATURE. 

On  the  other  hand,  to  obtain  geodeaically  the  latitudes,  longi- 
tudes, and  azimuths  of  stations  from  others  whose  positions  on  the 
surface  of  the  globe  have  been  determined  by  triangulation,  it  is 
necessary  to  be  able  to  convert  any  measured  or  calculated  dis- 
tances on  the  earth's  surface  into  arcs ;  for  which  purpose  the 
radius  of  curvature  of  the  arc  in  question  is  required,  to  obtain 
an  accurate  result.  In  a  paper  published  by  Mr.  Galbraith,  in  the 
51st  number  of  the  "  Edinburgh  New  Philosophical  Journal," 
tables  are  given  to  facilitate  this  preliminary  computation,  whether 
the  arc  be  in  the  direction  of  a  meridian,  of  a  perpendicular  to  the 
meridian,  or  forming  an  oblique  angle  with  it — as  also  those  for  the 
azimuths,  latitudes  and  longitudes,  and  convergence  of  meridians. 

The  formula  given  in  the  "Synopsis  of  Practical  Philosophy" 
for  the  radius  of  curvature  at  any  point  of  the  terrestrial  meridian, 
supposing  the  earth  to  be  an  oblate  spheroid,  is  as  follows,  a  and 
b  being  the  equatorial  and  polar  semi-axes,  I  the  latitude,  c  = 
(a— 6)  the  compression  : — 
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a  —  2c  +  3c.  sin 


At  p.  192  of  Mr.  Airy's  "  Figure   of  the  Earth,"  the  following 
method  is  given  for  determining  the  radius  of  curvature  : — 

"  The  latitudes  of  the  places 
P  and  Q,  whether  on  the  same 
meridian  or  not,  are  the  com- 
plements of  the  angles  p  P  s, 
qQ,s,  respectively,  which  are 
included  by  the  verticals  at 
the  places,  and  the  lines  drawn 
to  the  celestial  pole.  And  if 
S  be  any  star  which  can  be 
observed  at  both  places,  the 
angle  sPp=sP  S  +  S  P_p,  and 
s  Q  q  =  s  Q  S  +  SQ<?;  consi- 
dering, therefore,  the  angles  S  Q  s,  s  P  S  as  equal,  the  difference  of 
latitudes  is  the  same  as  the  difference  of  S  Pp,  SQ<?;  that  is,  it 
is  the  same  as  the  difference  of  the  zenith  distances  of  the  same 
star  at  the  two  places,  and  can  therefore  be  easily  found.  Now, 
if  the  places  P  and  Q  be  on  the  same  meridian,  their  verticals 
will  intersect  in  some  point  D  ;  and  the  difference  of  latitudes, 
which  is  the  difference  of  s  Q  q  and  s  P  p,  or  (P  r  being  parallel  to 
Q  q)  the  difference  of  s  P  r  and  s  P  p  is  equal  to  r  P  p  or  Q  D  P, 
the  angles  contained  by  the  verticals.  The  length  P  Q  being 
known  from  measurement,  and  the  angle  P  D  Q,  or  the  difference 
of  latitude,  being  found  by  observations  of  the  zenith  distances  of  a 
star,  the  length  of  P  D  or  Q  D,  or  the  radius  of  curvature,  is  found. 

"  Again,  if  T  and  V  be  two  places 
on  different  meridians,  and  if 
planes  be  drawn  through  these 
places  and  through  the  axis,  AC,  of 
the  earth,  the  angle  made  by  these 
planes  (or  the  difference  of  the  longi- 
tudes) may  be  determined  astronomi- 
cally. Now,  instead  of  T  we  have  a 
place  t}  whose  latitude  is  the  same  as  that  of  Y ;  and  if  we  draw 
V  W,  t  W  perpendicular  to  the  axis,  the  angle  between  the 
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planes  will  be  the  same  as  the  angle  V  W  t.  The  distance  V  t 
being  measured  (or  otherwise  obtained),  and  the  angle  V  W  t,  or 
the  difference  of  longitude,  being  found,  the  length  of  V  W,  or 
t  W,  or  the  radius  oj " a  parallel,  will  be  found.  Either  of  t\\Q 
measures  will  give  this  line,  which  will  materially  assist  in 
determining  the  earth's  form  and  dimensions,  but  they  cannot 
easily  be  combined  :  the  difference  of  latitude  can  be  ascertained 
with  so  much  greater  accuracy  than  the  difference  of  longitude, 
that  measures  of  the  former  kind  have  generally  been  relied 
upon." 

This  subject  is  still  further  pursued  in  the  work  from  which  the 
above  extract  has  been  made. 

CALCULATION    OF    AZIMUTHS. 

It  may  also  be  required  to  calculate  with  the  greatest  exactness 
the  azimuths  or  true  bearings  of  two  distant  stations  from  each 
other,  the  latitudes  and  difference  of  longitudes  of  these  points 
having  been  determined  by  observation;  as  was  the  case  in 
marking  the  North  American  boundary  in  1845,  when  one  line 
sixty-four  miles  in  length  was  cut  through  the  dense  Canadian 
forest  upon  bearings  from  each  of  the  extremities  computed  by 
the  following  directions  and  formulae  furnished  by  Mr.  Airy. 

Convert  the  difference  of  longitude  found  in  time  into  arc. 

From  the  latitudes  of  the  stations  compute  the  following 
formulas : — 

Tan  J  sum  of  spherical  azimuths 

cos  i-  diff.  colat.  ,    -,.„>  ,       .,    , 

=  -  x  cotan  J  difference  longitudes, 

cos  f  sum  colat. 

Tan  J  difference  spherical  azimuths 

sine  |  diff.  colat. 

— T—  x  cotan  J  difference  longitudes, 
sine  \  sum  colat. 

The  larger  azimuth  (at  the  place  where  the  latitude  is  greatest) 

=  i  sum  azimuths  +  J  diff.  azimuths. 
The  smaller 

=  £  sum  azimuths  —  J  diff.  azimuths. 

These  azimuths,  found  for  a  sphere,  are  thus  corrected  for  the 
earth's  spheroidal  form  : — 

From  the  above  spherical  azimuth  find  the  spherical  amplitudes 
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fry  taking  the  difference  between  each  of  them  and  90° ;  for  each 
case  find  an  angle,  a,  by  the  formula  * 

sine  colatitude 

.    sma: vW — ' 

Then  the  tangent  of  each  of  the  true  spheroidal  amplitudes  = 
cos  a  X  tangent  spherical  amplitude ;  the  azimuths  being 
obtained  by  applying  to  these  90°,  additive  or  subtractive, 
according  to  the  case. 

If,  instead  of  determining  astronomically  and  by  the  transmis- 
sion of  chronometers  the  absolute  latitudes  and  the  difference  of 
longitudes  of  these  distant  stations,  they  had  been  connected  by 
a  series  of  triangles,  and  that  from  this  triangulation  it  was 
required  to  obtain  the  true  bearings  of  each  point  from  the  oth«r 
for  the  purpose  of  running  a  straight  line  between  them,  the 
following  is  the  simple  process  : — 

Supposing  A  and  B  to  be  the  two  stations,  connected  as  in  the 
figure  by  a  series  of  triangles  ;  assume  one  side  as  a  standard,  say 
A  C ;  compute  C  E  as  in  a  plane  triangle ;  from  this  compute 
CD,  D  E  ;  from  D  E  compute  D  F ;  from  D  F  compute  D  B. 
With  the  two  known  sides  A  C  and  C  D,  and  the  angle  A  C  D, 
compute  A  D  and  the  angle  C  D  A ;  subtract  this  from  the  sum 


F 

of  the  three  angles  C  D  E,  E  D  F,  and  F  D  B,  and  you  have  the 
angle  A  D  B  ;  with  this  angle  and  the  two  sides,  A  D  and  D  B, 
compute  the  angle  DBA;  this  is  the  difference  between  the 
bearing  of  A  from  B,  and  that  of  D  from  B.  The  latter  is  known, 
or  can  be  directly  observed  ;  whence  the  former  is  deduced. 

In  the  same  manner  the  azimuth  of  the  line  A  B,  or  the  bearing 
of  B  from  A,  can  be  ascertained. 

*  The  steps  by  which  this  formula  is  arrived  at  are  shown  at  page  346  of  the 
"Corps  Papers,"  where  also  will  be  found  examples  of  azimuths  calculated  by  it  on 
the  survey  of  the  boundary  alluded  to. 


A   TRIGONOMETRICAL   SURVEY.  201 

On  the  North  American  boundary  the  azimuths  were  laid  off 
with  an  altitude  and  azimuth  instrument,  and  the  line  prolonged 
with  a  portable  transit  by  which  the  party  sent  on  in  front  to  take 
up  the  rough  alignement  for  cutting  a  track  through  the  dense 
forest  were  directed.  A  torch  of  birch  bark  was  moved  to  the 
right  or  left  as  required  by  concerted  signals  made  from  the 
transit,  by  flashing  small  quantities  of  gunpowder  in  an  open  pan, 
both  the  lighted  torches  and  the  flashes  of  gunpowder  being 
visible  for  far  greater  distances*  than  were  ever  required. 

By  daylight  heliostats  were  used  for  keeping  the  advanced 
party  in  the  right  direction. 

The  true  bearings  of  the  line  of  64  miles  in  length  were  in 
this  operation  determined  so  accurately,  that  when  the  parties 
employed  in  marking  it  out  from  each  extremity  met  about 
midway,  the  sum  of  their  joint  deviation  from  the  true  line  was 
exactly  341  feet;  equal,  as  Mr.  Airy  observes,  to  "only  one- 
quarter  of  a  second  of  time  in  the  difference  of  the  longitudes,  or 
only  one-third  of  the  error  which  would  have  been  committed  if 
the  spheroidal  form  of  the  earth  had  been  neglected"  This  slight 
error  was  corrected  by  running  offsets  at  certain  points  along 
each  line,  proportioned  of  course  to  the  distances  from  the 
extreme  end. 

The  distances  between  two  places  of  a  ship  at  sea  are  generally 
resolved   by  plane  trigonometry ;    the  difference  of 
latitude   S  L,    and  the  azimuth  represented  by  the      Lr  <'r'>nrl">-e  - 
angle  S'  S  L  and  termed  the  course,  forming  a  right- 
angled  triangle,  in  which  S  S',  the  nautical  distance 
is  determined;  the  other  side  S'L,  termed  the  depar- 
ture, being  the  sum  of  all  the  meridional  distances 
passed  over. 

Again,  in  the  triangle  ABC:  let  A  B  repre- 
sent the  meridian  distance  (or  departure),  and 
the  angle  B  A  C  be  equal  to  the  latitude,  then 
A  C,  the  hypothenuse,  will  be  equal  to  the 
difference  of  longitude. 


*  Major  Robinson  states  as  much  as  40  miles.     See  the  narrative  of  his  operations, 
2nd  and  3rd  Numbers  of  the  Corps  Papers. 
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Also,  if  D  B  represent  the  nautical  distance, 
and  C  D  the  difference  of  latitudes,  then  BCD 
will  be  a  right  angle,  and  B  C  the  departure, 
nearly  equal  to  the  meridian  distance  in  the 
middle  latitude.  If  then,  in  the  triangle  ABC 
the  angle  A  B  C  be  measured  by  that  middle 
latitude,  A  B  the  hypothenuse  will  be  nearly 
equal  to  the  difference  of  longitude  between 
D  and  B. 

For  further  information  on  this  subject,  no 
better  work  can  be  consulted  than  Riddle's 
"Navigation." 

By  the  use  of  "Mercator's  Projection,"  most  of  these  questions 
can  be  solved  without  calculation.  In  this  ingenious  system  the 
globe  is  conceived  to  be  so  projected  on  a  plane  that  the 
meridians  are  all  parallel  lines,  and  the  elementary  parts  of  the 
meridians  and  parallels  bear  in  all  latitudes  the  same  proportion 
to  each  other  that  they  do  upon  the  globe.  The  uses  to  which 
this  species  of  projection  can  be  applied,  and  the  vast  benefit  its 
invention  has  proved  to  the  navigator,  will  be  evident  by  reference 
to  any  work  on  navigation. 

The  latitude  and  longitude  of  any  place  being  known,  that  of 
any  other  station  within  a  short  distance  can 
be  determined  by  plane  trigonometry.  Suppose 
the  latitude  and  longitude  of  G  for  instance 
to  be  known,  from  whence  that  of  O,  an  adjacent 
station,  is  to  be  determined ;  the  distance  0  G 
must  be  measured,  or  obtained  by  triangulation, 
and  the  azimuth  NOG  observed ;  then  the 
difference  of  longitude  G  L  between  the  stations 
is  the  sine  of  the  angle  L  0  G  to  radius  0  G  ; 
and  0  L,  the  difference  of  latitude,  is  the  cosine 
to  the  same  angle  and  radius.  The  following  example  will  show 
the  application  of  this  simple  method  : — 

The  distance  of  a  station  0',  238  feet  due  south  of  the  Rl. 
Engr.  Observatory  at  Chatham  from  Gillingham  Church,  was 
ascertained  to  be  7547'4  feet,  and  the  angle  S  0  G,  the  supple- 
ment of  the  azimuth,  =  78°  55'  55'/ ;  Gillingham  Church  being 
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situated  in  51°  23'  24"12  north    latitude,  and  0°  33'  49"'41  east 
longitude. 

Then  log  cos  78°  55'  55"—  9'283243 
log  7547-4— 3-877796 

log  1448-9— 3-161 039  Biff,  of  lat.  (north),  in  feet, 

And  log  sine  78°  55'  55"—  9'991846 
log  7547-4—3-877796 


log  7407-  —3-869642  Diff.  of  long,  (west),  in  feet. 

The  lengths  of  one  second  of  latitude  and  longitude  in  latitude 
51°  23'  are—  Latitude       102'02  feet, 

Longitude       63'41  feet. 

1448-9  +  238 

=r!6'"o3  Difference  of  latitude  in  arc, 


and  J^:=rjL6*'8  =  l'  56"'S  Difference  of  longitude  in  arc. 
63*4  1 

Latitude.  Longitude. 

Gillingham  Church  N.     51°  23'  24"12  E.       0°  33'  49"'41 

Difference  N.  +  16  '53  W.  1'  56  -8 


Observatory      .     .     .      51°  23'  40  '65  0°  31'  52  '6 


VARIATION  OF  THE  COMPASS. — Jt  is  always  necessary  to  ascer- 
tain the  variation  of  the  compass  before  plotting  any  survey,  for 
the  purpose  of  protracting  such  parts  of  the  interior  details  as  have 
been  filled  in  by  magnetic  bearings,  and  also  of  marking  the  direc- 
tion of  the  magnetic  meridian  upon  detached  plans.  The  laws  of 
this  variation  *  are  at  present  but  little  known ;  and  it  is  only  by 
accumulating  a  vast  number  of  observations  at  different  places, 
and  at  different  periods,  that  the  position  of  the  magnetic  poles 
and  the  annual  variation  and  dip  can  be  ascertained  accurately. 

A  meridian  line  being  once  marked  on  the  ground,  the  bearing 
of  this  line  by  the  compass  is  of  course  the  variation  east  or  west. 
It  can  be  traced  with  an  altitude  and  azimuth  instrument,  or  even 
a  good  theodolite,  by  observing  equal  altitudes  and  azimuths  of 

*  There  is  also  often  a  local  variation  due  to  proximity  to  magnetic  rocks,  which 
renders  the  compass  observations  worthies.-;. 
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the  sun,  or  a  star,  on  different  sides  of  the  meridian.  With  the 
latter  object  no  correction  whatever  is  required  :  the  cross  hairs 
are  made  to  thread  the  star  exactly  (by  following  its  motion  with 
the  tangent  screws)  two  or  three  hours  before  its  culmination ;  the 
vertical  arc  is  then  clamped  to  this  altitude,  and  the  azimuth  circle 
read  off.  On  the  star  descending  to  the  same  altitude,  at  the  same 
interval  of  time  after  its  transit,  it  is  again  bisected  by  the  cross 
hairs,  and  the  mean  between  the  two  readings  of  the  azimuth 
circle  gives  the  direction  of  the  true  meridian,  which  being  marked 
out  on  the  ground,  its  bearing  is  then  read  with  the  compass. 

When  the  sun  is  the  object  observed,  the  altitude  taken  may 
be  that  of  either  the  upper  or  lower,  and  the  azimuth  that  of  the 
leading  or  follmving  limb;  the  mean  of  the  readings  of  the 
azimuth  circle  does  not  necessarily  therefore  in  this  case  give 
the  true  meridian,  as  correction  must  be  applied  for  the  change  in 
the  sun's  decimation  during  the  interval  of  time  between  the 
observations. 

If  the  sun's  meridian  altitude  is  increasing,  as  is  the  case  from 
midwinter  to  midsummer,  his  lower  limb  when  descending  will 
have  the  same  altitude  at  a  greater  distance  from  the  meridian 
than  before  apparent  noon,  and  the  reverse  when  it  is  decreasing. 
The  following  formula  for  this  correction  is  taken  from  Dr. 
Pearson : — 

X  =  £  D  x  sec  lat.  x  cosec  J  T,  where  D  is  the  change  of 
declination*  in  the  interval  of  time  expressed  by  T. 

Example:— In  latitude  51°  23'  40"  N.  on  May  12,   1838,  the 
upper  limb  of  the  sun  had  equal  altitudes. 
At  9h.  54m.  26'Ss.  AM. 
2       5      46        P.M. 

And  the  readings  of  the  azimuth  circle  at  these  times  were — 
311°  47'  20"  morning  observation. 
47    45    50   afternoon  do. 
h.      m.     s. 

12     0     0  360°      0'    0" 

9  54  26-8         311     47  20 


by  chronometer. 


Distance  from  noon,  A.M.  2     5  33'2  48     12  40 


The  sun's  change  of  declination  is  given  for  every  hour  in  the  first  page  01     ch 
month  in  the  Nautical  Almanac. 
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h.     m.      s. 

2     5     33*2 
2     5     46 


T=4  11     19-2 
£T=2     5     39-6 

or  in   space  31°  24'  64" 


48°    12'    40"  azimuth  A.M. 
47    45     50      ditto    P.M. 


2)26     50    diff. 


360 


359     46     35  reading  of  approximate 
meridian. 

The  sun's  change  of  declination  in  one  hour  of  mean  time  on 
May  12  appears,  by  the  Nautical  Almanac,  =  37"'53,  therefore 
for  2h.  5'6m.,  the  half-interval,  it  is  =  7S"'5. 


5  =       78-5 


log. 
L  =  51°  23'  40"  sec. 


1-8948697 
0-2048465 


1  =  31     24   54     cosec.     0-2829690 


241//-37 

Middle  point 
Correction      241"'37 


2-3826852 

359°  46'  35" 
4      1-4 


Correct  reading  of  true  meridian     359    42    33"6 


The  magnetic  bearing  of  the  pole-star,  or  of  any  circumpolar 
star  at  its  upper  or  lower  culmination,  gives  at  once  the  variation 
of  the  compass  ;  a  meridian  may  likewise  be  traced  by  observing 
the  azimuths  of  a  star  at  its  greatest  elongations,  and  taking  the 
mean. 

If  only  one  elongation  is  observed,  the  sine  of  the  angular 

, .  sine  polar  distance  of  star      ,  .  ,       , ,    , 

distance  =  —  — 5 = — ^ — =-^—  — ,  which  added   to,   or   sub- 

cosine  latitude 

tracted   from,  the  observed  azimuth,  gives  the  direction  of  the 
meridian. 

The  time  at  which  any  star  is  at  its  greatest  elongation  is  thus 
found.  The  cosine  of  the  hour  angle  in  space  =  tan  polar  dist. 
x  tan  lat.  This  hour  angle  divided  by  15  gives  the  interval  in 
sidereal  time. 
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The  other  methods  of  finding  the  variation  of  the  compass  by 
the  amplitude  of  the  sun  at  sunrise  or  sunset,  and  by  his  azimuth 
at  any  period  of  the  day,  requiring  more  calculation,  will  be  found 
among  the  Astronomical  Problems. 

A  meridian  line  can  be  marked  on  the  ground,  without  the  aid 
of  any  instrument,  with  sufficient  accuracy  to  obtain  the  variation 
of  the  needle  for  common  purposes,  by  driving  a  picket  ver- 
tically into  the  ground  on  a  perfectly  level  surface.  At  three 
or  four  hours  before  noon,  measure  the  length  of  its  shadow 
on  the  ground,  and  from  the  bottom  of  the  picket,  as  a  centre, 
describe  an  arc  with  this  distance  as  radius.  Observe  when  the 
shadow  intersects  this  arc  about  the  same  time  in  the  after- 
noon, and  the  middle  point  between  these  and  the  picket  gives 
the  line  of  the  meridian.  It  is  of  course  better  to  have  three 
or  four  observations  at  different  periods  before  and  after  noon ; 
and  these  several  middle  points  afford  means  of  laying  out  the  line 
more  correctly. 

PROJECTIONS  OF  THE  SPHERE. — The  method  hitherto  described 
of  laying  down  stations  by  triangulation,  or  by  means  of  distances 
calculated  from  astronomical  observations,  is  however  only  ap- 
plicable within  certain  limits ;  as,  on  account  of  the  spherical 
figure  of  the  earth,  the  relative  positions  of  places  on  the  globe 
cannot  be  represented  by  any  projection  in  geographical  maps 
embracing  very  large  portions  of  its  surface  except  by  altering 
more  or  less  their  real  distances,  the  content  of  various  tracts  of 
territory,  and,  in  fact,  distorting  the  whole  appearance,  when  com- 
pared with  the  different  portions  of  the  same  country  represented 
as  plane  surfaces. 

Either  a  true  projection  or  some  arbitrary  arrangement  of  the 
meridians  and  parallels  is  therefore  necessarily  adopted,  and  each 
place  is  marked  on  this  skeleton  according  to  its  relative  latitude 
and  longitude.  These  projections  should  be  preferred  in  which  the 
geographical  lines  are  most  easily  traced,  and  whose  arrangement 
distorts  as  little  as  possible  the  linear  and  superficial  dimensions* 

*  Sir  Henry  James  states  that  the  one-inch  maps  of  the  Ordnance  Surveys  of  Scot- 
land and  Ireland  are  laid  down  on  a  modification  of  Flamstead's  projection,  so  that  the 
sheets  of  each  will,  when  put  together,  form  one  map.  England  has  not  been  laid 
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Descriptions  of  various  projections  will  be  found  in  the  works  of 
Puissant.  Francoeur,  and  other  authors  on  the  subject ;  and  some 
very  useful  explanations  of  the  projections  of  the  sphere  in  a 
treatise  on  "Practical  Geometry  and  Projection,"  published  by  the 
Society  of  Useful  Knowledge. 

The  following  short  but  clear  definition  of  the  three  species  of 
projection  commonly  used  in  maps,  viz.,  the  orthographic,  stereo- 
graphic,  and  Mercator's,  is  taken  from  Sir  J.  F.  Herschel's 
"  Astronomy  : " — 

"  In  the  orthographic  projection  every  point  of  the  hemisphere 
is  referred  to  its  diametral  plane  or  base,  by  a  perpendicular  let  fall 
011  it,  so  that  its  representation,  thus  mapped  on  its  base,  is  such 
as  it  would  actually  appear  to  an  eye  placed  at  an  infinite  distance 
from  it.  It  is  obvious  that  in  this  projection  only  the  central 
portions  are  represented  in  their  true  forms,  while  the  exterior  is 
more  and  more  distorted  and  crowded  together  as  it  approaches 
the  edges  of  the  map.  Owing  to-  this  cause,  the  orthographic 
projection,  though  very  good  for  small  portions  of  the  globe,  is  of 
little  service  for  large  ones. 

"  The  stereographic  projection 
is  in  a  great  measure  free  from 
this  defect.  To  understand  this 
method,  we  must  conceive  an  eye 
to  be  placed  at  E,  one  extremity 
of  a  diameter  E  C  B  of  the  sphere, 
and  to  view  the  concave  surface 
of  the  sphere,  every  point  of 
which,  as  P,  is  referred  to  the 
diametral  plane  A  D  F  perpen- 
dicular to  E  B  by  the  visual  line 

P  M  E.  The  stereographw  projection  of  a  sphere,  then,  is  a  true 
perspective  representation  of  its  concavity  on  a  diametral  plane  ; 
and  as  such  it  possesses  some  singular  geometrical  properties,  of 
which  the  following  are  two  of  the  principal : — first,  all  circles  on 
the  sphere  are  represented  by  circles  in  the  projection ;  thus  the 


down  upon  any  projection,  but  by  the  method  of  parallels  and  perpendiculars  to 
meridians  in  different  parts  of  the  country. 
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circle  X  is  projected  into  x :  only  great  circles  passing  through 
the  vertex  B  are  projected  into  straight  lines  traversing  the  centre 
C  ;  thus  B  P  A  is  projected  into  C  A. 

"  Secondly,  every  very  small  triangle  G  H  K  on  the  sphere  is 
represented  by  a  similar  triangle  ghk  in  the  projection.  This 
valuable  property  ensures  a  general  similarity  of  appearance  in 
the  map  to  the  reality  in  all  its  parts,  and  enables  us  to  project  at 
least  a  hemisphere  in  a  single  map,  without  any  violent  distortion 
of  the  configurations  on  the  surface  from  their  real  forms.  As,  in 
the  orthographic  projection,  the  borders  of  the  hemisphere  are 
unduly  crowded  together;  in  the  stereographic,  their  projected 
dimensions  are,  on  the  contrary,  somewhat  enlarged  in  receding 
from  the  centre." 

Both  these  projections  may  be  considered  natural  ones,  inasmuch 
as  they  are  reaDy  perspective  representations  of  the  surface  on  a 
plane;  but  Mercator's  projection  is  entirely  artificial,  repre- 
senting the  sphere  as  it  cannot  be  seen  from  any  one  point,  but 
as  it  might  be  seen  by  an  eye  carried  successively  over  every  part 
of  it.  The  degrees  of  longitude  are  assumed  equal,  and  of  the 
value  of  those  at  the  equator.  The  degrees  of  latitude  are 
extended  each  way  from  the  equator,  retaining  always  their 
proper  proportion  to  those  of  longitude ;  consequently  the 
intervals  between  the  parallels  of  latitude  increase  from  the 

equator  to  the  poles. 
The  equator  ^s  con- 
ceived to  be  extended 
out  into  a  straight  line, 
and  the  meridians  are 
straight  lines  at  right 
angles  to  it,  as  in  the 
figure.  Altogether  the 
general  character  of 
maps  on  this  projec- 
tion is  not  very  dissimilar  to  what  would  be  produced  by 
referring  every  point  in  the  globe  to  a  circumscribing  cylinder, 
by  lines  drawn  from  the  centre,  and  then  unrolling  the  cylinder 
into  a  plane.  Like  the  stereographic  projection,  it  gives  a  true 
representation  as  to  form  of  every  particular  small  part,  but 


T 
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varies  greatly  in  point  of  scale  in  its  different  regions — the  polar 
regions,  in  particular,  being  extravagantly  enlarged ;  and  the 
whole  map,  even  of  a  single  hemisphere,  not  being  comprisable 
within  any  finite  limits. 

The  following  simple  directions  are  given  by   Mr.  Arrowsmith 


\r 


20,84 


47* 


for  a  projection  adapted  to  a  map  to  comprehend  only  a  limited 
portion  of  the  globe ;  for  instance,  that  between  the  parallels  of 
44°  and  48°  30'  north  latitude,  and  longitudes  9°  and  18°  east  of 
Greenwich. — Draw  a  line  A  B  for  a  central  meridian ;  divide  it 
into  the  required  number  of  degrees  of  latitude  (4|)  ;  through  one 
of  these  points  of  division  (say  46°)  draw  C  D  intersecting  the 
meridian  at  right  angles,  and  likewise  draw  lines  through  the  other 
points  parallel  to  C  D. 
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Take  the  breadth  in  minutes  of  a  degree  of  longitude  in  lat. 
46° =41 -68;  from  M  towards  C  and  D,  set  off  each  way  one-half 
of  this,  20-84  (M  E  .  M  G).  Again,  from  N  lay  off  on  each  side 
one-half  of  the  length  of  a  degree  in  lat.  47°  =  40'92  (NF.NH). 
Measure  the  diagonals  G  H,  E  F,  and  putting  one  point  of  the 
compasses  successively  on  F,  G,  H,  and  E,  describe  the  arcs 
xxx  x. 

Take  41 '68,  the  whole  measurement  of  a  longitudinal  degree  in 
lat.  46°,  and  lay  off  the  distance,  G  0,  E  0,  intersecting  the  arcs 
x  x  x  at  0  0.  Again,  take  the  value  of  a  degree  in  latitude  47° 
40-92,  and  lay  off  the  distances  FP,  HP. 

This  process  continued  until  the  parallels  of  46°  and  47°  are 
completed,  the  whole  projection  may  be  carried  on  in  the  same 
manner,  the  two  parallels  first  drawn  furnishing  the  respective 
points  of  each  meridian. 

It  would  occupy  too  much  space  to  pursue  the  subject  further ; 
explanations  of  all  the  most  useful  projections  will  be  found  in  the 
sixth  chapter  of  Francosur's  "  Geodesie,"  and  in  other  works  of 
the  same  character. 


CHAPTER  XII. 

PRACTICAL    ASTRONOMY. 

BEFORE  proceeding  to  the  solution  of  the  few  simple  problems 
by  which  the  latitude,  longitude,  and  time,  as  also  the  variation 
of  the  compass  and  the  azimuth  of  any  celestial  body  can  be  deter- 
mined under  different  circumstances,  it  is  considered  advisable  to 
explain  the  meaning  of  such  terms  as  are  most  constantly  met 
with  in  practical  astronomy,  and  the  corrections  necessary  to  be 
applied  to  all  observations. 

The  Sextant,*  Reflecting  Circle,  or  Dollond's  Repeating  Circle, 
with  the  Artificial  Horizon  and  Chronometer,  the  Barometer  and 
Thermometer,  are  the  description  of  portable  instruments  gene- 
rally used  in  taking  astronomical  observations.  The  Nautical 
Almanac  for  the  year,  as  well  as  tables  of  logarithms  and  refraction, 
are  also  necessary.  In  an  observatory,  or  for  any  extensive  geode- 
sical  operation,  instruments  are  required  of  firmer  construction, 
and  admitting  from  their  size  of  more  minute  graduation.  The 
principal  Observatory  Instruments  are  the  Transit,  Sidereal  Clock, 
Equatorial,  Altitude  and  Azimuth  Instrument ;  to  which  may  be 
added  the  Zenith  Sector  and  Mural  or  Transit  Circle. 

In  all  reflecting  instruments  the  angle  formed  by  the  planes  of 
the  two  mirrors  is  only  half  the  observed  angle,  but  the  arc  or 
circle  is  graduated  to  meet  this  effect  of  the  principle  of  their 
construction  ;  thus  an  angle  of  60°  is  marked  on  the  limb  of  the 
sextant  120° ;  and  the  entire  circle  reads  720°. 

Full  descriptions,  with  plates,  of  the  methods  of  using  and  ad- 
justing the  sextant  and  reflecting  circle  are  given  in  Mr.  J.  Simms' 
"Treatise  on  Mathematical  Instruments,"  which  little  work  is,  or 

*  The  altitude  and  azimuth  of  any  celestial  body  can  also  of  course  be  taken  with 
the  Theodolite,— indeed  a  large  Theodolite  of  the  best  construction  is  a  portable 
Altitude  and  Azimuth  Instrument. 
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should  be,  in  the  hands  of  every  observer ;  but  a  short  descriptive 
outline  of  the  management  of  these  instruments  is  given  below,  as 
well  as  of  the  "  repeating  circle,"*  which  is,  at  all  events  in  theory, 
the  most  perfect  of  the  class  of  reflecting  instruments. 

THE  SEXTANT. — So  much  depends  upon  the  make  of  this  in- 
strument that  the  greatest  care  should  be  taken  in  its  selection. 

See  that  the  pieces  are  well  fitted  together,  that  the  screws  and 
clamps  work  well,  that  there  is  no  jar  or  unsteadiness  in  the 
working  of  the  several  parts. 

All  the  divisions  should  be  clearly  and  finely  cut ;  the  extreme 
divisions  on  the  vernier  should  coincide  exactly  with  divisions  on 
the  limb  from  one  end  to  the  other.  There  should  not  be  the 
slightest  refraction  in  the  reflectors ;  if  their  two  surfaces  are  in- 
clined to  one  another,  the  image  observed  will  appear  blurred  and 
badly  defined. 

The  arc  is  generally  graduated  to  10  minutes,  and  these  divi- 
sions are  subdivided  by  the  vernier  to  10  seconds,  one-half  of 
which  can  by  aid  of  the  reading  microscope  attached  to  the  index 
arm  be  easily  estimated,  so  that  the  instrument  may  be  said  to 
read  to  5  seconds.  The  index  is  clamped  to  the  arc  when  the 
observation  is  approximately  made,  which  is  then  perfected  by  the 
tangent  screw.  At  the  central  point  of  the  arc  on  which  the 
index  arm  revolves  is  fixed  the  silvered  mirror  termed  the  "  index" 
glass,  perpendicular  to  the  plane  of  the  instrument.  To  the  frame 

*  The  repeating  circle  here  spoken  of,  is  a  reflecting  circle,  having  the  power  of 
repetition.  For  the  determination  of  latitudes  and  longitudes  on  surveys  of  the  mag- 
nitude of  the  Ordnance  Survey  of  Great  Britain,  or  for  very  important  and  delicate 
geodesical  operations,  the  Zenith  Sector,  Altitude  and  Azimuth  Instrument,  and 
Portable  Transit  are  employed.  This  latter,  though  properly  an  observatory  instru- 
ment, can  be  used  upon  a  stand  formed  by  the  stump  of  a  large  tree,  or  by  three  or 
four  strong  posts  driven  into  the  ground,  supporting  a  top  on  which  the  transit  is 
placed.  A  rough  pedestal  of  masonry  or  brick-work  of  course  answers  the  same  pur- 
pose, great  care  being  taken  to  secure  its  steadiness,  and  prevent  its  being  affected  by 
the  movement  of  those  about  it,  to  ensure  which,  a  sort  of  detached  platform  upon 
posts  will  be  found  efficient.  Solid  rock  is  considered  not  so  suited  for  the  founda- 
tion of  this  sort  of  pedestal  as  sand,  or  other  species  of  earth,  on  account  of  its  more 
readily  conveying  tremulous  vibrations  to  the  instrument.  Transits  of  from  20  to  30 
nches  focal  length  were  thus  used  upon  the  survey  (in  1845)  of  the  North  American 
Boundary,  a  tent  made  of  fine  canvas  being  contrived  to  protect  the  lights  from  the 
wind. 
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is  attached  a  second  glass,  termed  the  "  horizon  "  glass,  the  lower 
half  only  of  which  is  silvered,  the  upper  being  left  for  the  purpose 
of  direct  sight  of  the  object  through  it,  and  the  plane  of  this  second 
glass  must  be  parallel  to  that  of  the  index  glass,  when  the  index 
is  at  zero  on  the  limb,  any  deviation  from  which  constitutes  the 
"  index  error."  The  telescope,  also  parallel  to  the  plane  of  the  in- 
strument, is  carried  by  a  ring  attached  to  the  other  radius  part  of 
the  frame,  and  can  be  raised  or  lowered  bodily  in  order  to  enable 
the  observer  to  make  the  object  seen  by  direct  vision  and  its  image 
by  reflection  nearly  equally  distinct,  and  for  observations  of  the 
sun  the  shades  attached  to  the  frame,  or  one  of  the  dark  glasses  to 
the  eye-piece,  must  be  made  use  of.  These  dark  glasses  are  sub- 
ject to  errors  due  to  their  imperfections ;  in  order  to  ascertain 
whether  there  is  any  error,  bring  the  reflected  image  of  the  sun  into 
contact  with  its  image  seen  directly  through  the  unsilvered  portion 
of  the  horizon  glass ;  then  removing  the  dark  glass  from  eye-piece, 
set  up  each  shade  separately,  and  also  their  combinations ,  should 
there  be  any  error,  the  angle  through  which  the  index  moves  to 
bring  the  images  again  into  contact  is  to  be  recorded  as  an  index 
error  for  each  glass  or  shade,  or  combination  of  shades. 

In  observing  the  altitude  of  the  sun  or  a  star  at  sea,  the  eye  of 
the  observer  is  directed  to  the  line  of  the  horizon  immediately 
below  the  object,  the  reflected  image  of  which  is  brought  down  to 
the  horizon  by  moving  forward  the  index.  With  the  artificial 
horizon  on  shore,  the  two  images  are  brought  into  contact  on  the 
surface  of  the  mercury,  and  the  angle  observed  in  this  case  is 
double  that  of  the  former. 

There  are  two  methods  of  taking  the  altitude  of  a  star,  either  by 
allowing  it  to  make  its  own  contact,  or  by  bringing  it  into  contact 
alternately  on  the  upper  or  lower  side ;  each  method  has  its  ad- 
vantages. In  the  former  case,  for  example,  with  six  shots,  there 
would  be  an  error  -f  or  —  due  to  the  apparent  diameter  of  the 
star  and  to  the  eye-error,  but  the  observations  themselves  would 
be  very  steady ;  in  the  latter  case,  also  with  six  shots,  bring  the 
reflected  images  alternately  into  contact  above  and  below  the 
image  as  seen  in  artificial  horizon ;  this  will  eliminate  all  eye-error 
but  the  contact  as  made  by  the  hand  with  tangent  screw  is  not  so 
sure  as  when  made  by  the  star  itself  in  its  progress. 
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The  index  glass  is  but  little  liable  to  derangement,  and  provi- 
sion is  seldom  made  for  altering  its  adjustment,  the  accuracy  of 
which  can  be  tested  by  moving  the  index  to  about  the  middle  of 
the  limb,  and  looking  obliquely  down  the  glass  by  observing  if  the 
circular  arc,  as  seen  by  direct  vision  and  by  reflection,  appears  as 
it  ought  to  do  in  one  continuous  curve  without  being  broken  at 
the  point  of  contact. 

The  horizon  glass  is  set  perpendicular  to  the  plane  of  the  sextant 
by  a  small  screw  at  the  lower  end  of  the  frame,  and  it  is  known  to 
be  in  adjustment  when  the  reflected  image  of  the  object  passes 
directly  over  that  by  direct  vision  when  brought  into  contact  by 
the  index  arm. 

The  instrumental  error,  due  to  an  imperfection  in  the  instru- 
ment, and  a  constant  source  of  annoyance  to  the  beginner,  can 
only  be  worked  out  by  degrees. 

The  amount  of  the  index  error  (caused  by  the  want  of  paral- 
lelism in  the  two  glasses)  is  ascertained  by  observing  if,  when  the 
zero  of  the  vernier  is  set  to  0  on  the  limb,  the  direct  and  reflected 
images  do  or  do  not  coincide.  If  they  do,  the  index  error  is 
nothing ;  if  not,  the  angle  the  index  has  to  move  through  to  make 
the  coincidence  perfect  represents  the  index  error.  The  usual  and 
most  correct  method  of  ascertaining  this  error  is  by  measuring  the 
diameter  of  the  sun  in  the  following  manner  :  clamp  the  index  at 
about  30  minutes  from  zero  on  the  graduated  arc  and  perfect  the 
contact  of  the  two  images  of  the  sun  by  the  tangent  screw,  reading 
the  angle ;  then  put  the  index  to  about  the  same  number  of 
minutes  on  the  "  arc  of  excess,"  which  is  a  small  portion  of  the  arc 
graduated  on  the  other  side  of  zero,  and  complete  the  contact  as 
before,  again  reading  the  number  of  minutes  and  seconds.  One- 
half  of  the  difference  of  these  two  readings  is  the  index  error,  + 
when  that  on  the  arc  of  excess  is  the  greatest,  and  —  when  the 
contrary,  thus, 

Reading  on  the  arc  .        .         .     33'     20" 
Do.      on  the  arc  of  excess          32      40 


Difference       0      40 
Index   error    —  20 
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If  these  observations  have  been  correctly  made,  J  of  the  sum  of 
the  two  readings  should  correspond  with  the  semi-diameter  of  the 
sun  as  given  in  the  Nautical  Almanac  for  that  day.  In  most 
instruments  there  is  no  means  of  rectifying  the  index  error,  and  it 
is  necessary  frequently  to  ascertain  if  it  has  at  all  varied  and  to 
allow  for  it  4-  or  —  in  every  observation. 

The  parallelism  of  the  line  of  collimation  of  the  telescope  to  the 
plane  of  the  sextant  is  not  often  deranged,  and  is  known  to  be 
correct  when  two  objects  having  an  angular  distance  of  90°  or 
more  are  brought  into  contact  on  the  wire  nearest  the  plane  of  the 
instrument  and  found  to  maintain  this  contact  when  the  position 
*of  the  sextant  is  altered  to  make  the  contact  appear  on  the  other 
wire.  The  adjustment,  if  any  is  found  necessary,  is  made  by  the 
two  screws  which  hold  the  collar  into  which  the  telescope  screws. 

THE  REFLECTING  CIRCLE  is  in  principle  and  use  the  same  as 
the  sextant,  but  instead  of  merely  an  arc,  the  observer  has  an 
entire  circle  to  work  upon;  it  has  three  verniers,  one  of  which 
carries  the  clamp  and  tangent  screw,  moving  round  the  same 
centre  as  the  index  glass  which  is  situated  on  the  opposite  face  of 
the  instrument.  There  are  two  handles  fixed  parallel  to  the  plane 
and  a  movable  one  at  right  angles,  which  can  be  screwed  into 
either  of  the  others  when  observing  horizontal  angles. 

The  advantage  of  the  reflecting  circle  over  the  sextant  is  that 
all  index  errors  are  negatived  by  the  observations  being  taken  on 
each  side,  and  also  all  errors  of  centering,  as  the  verniers  are  read 
at  three  equidistant  points  of  a  circle.  Its  scope  is  also  far  greater, 
as  angles  may  be  measured  with  it  up  to  150°,  which  will  allow  of 
the  sun's  double  altitude  being  taken  with  it,  with  an  artificial 
horizon  when  within  15°  of  the  zenith.  Like  the  sextant,  these 
three  adjustments  are  required  to  be  perfect, 

1.  The  index  glass  being  perpendicular  to  the  plane  of  the  circle, 
which  when  so  fixed  by  the  maker  is  seldom  deranged. 

2.  The  horizon  glass  to  be  also  perpendicular  in  the  same  plane. 

3.  The  line  of  collimation  of  the  telescope  parallel  to  the  plane 
of  the  circle. 

THE  REPEATING  CIRCLE. — Set  the  vernier,  which  moves  on  the 
circumference  of  the  inner  circle  (as  do  also  the  horizon  glass  and 
telescope  at  the  extremities  of  arms  having  one  common  centre), 
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to  zero  (or  720°),  on  the  graduated  outer  circle,  and  clamp  it. 
Unclamp  the  vernier  at  the  end  of  the  arm  carrying  the  index 
glass,  which,  when  the  two  glasses  are  parallel,  should  read  zero. 
Take  the  required  altitude  or  angular  distance  by  moving  the 
index  forwards  till  a  perfect  contact  is  obtained,  and  clamp  it  to 
the  outer  circle,  noting  the  time  if  required,  but  merely  reading 
approximately  the  angle. 

Unclamp  the  arm  to  which  the  telescope  is  attached,  and, 
reversing  the  instrument,  make  the  contact  again  on  the  other 
side,  by  moving  forward  this  arm  concentric  with  that  carrying  the 
horizon  glass,  (which  can  be  done  very  rapidly  by  setting  it  nearly 
to  the  approximate  angle  already  read,  but  on  the  other  side  of  the 
zero  of  the  inner  circle  which  is  graduated  each  way  to  180°,)  and 
perfect  the  observation  by  the  tangent  screw.  The  angle  now 
read  on  the  outer  circle  is  evidently  double  that  observed  for  the 
mean  of  the  times,  freed  from  any  index  error  by  the  reversal  of 
the  instrument.  This  process  may  be  repeated  over  and  over 
again  all  round  the-  circle  as  often  as  required,  and  the  last  angle 
shown  by  the  vernier  of  the  horizon  glass  is  the  only  one  which 
requires  to  be  read,  and  divided  by  the  number  of  observations  for 
the  mean  angular  measurement  answering  to  the  mean  of  the  times. 

Instead  of  setting  the  vernier  at  first  to  720°,  it  may  be  read  off 
at  any  angle  as  with  the  theodolite ;  but  the  method  described 
above  is  preferable. 

THE  ARTIFICIAL  HORIZON  alluded  to  as  being  a  necessary 
adjunct  to  the  use  of  all  reflecting  instruments,  consists  generally  of 
a  small  oblong  box,  with  a  glass  cover  (usually  made  to  fold  back 
into  the  box  to  render  the  whole  portable),  into  which  mercury 
strained  quite  free  from  impurities  is  poured  when  required  for 
observation.  To  avoid  the  use  of  mercury,  which  is  inconvenient  to 
carry,  various  other  contrivances  have  been  tried,  among  others  a 
circular  plate  of  glass  blackened  behind,  adjusted  to  a  horizontal 
plane  by  means  of  a  spirit  level  and  screws,  but  it  is  not  to  be 
equally  trusted.  Oil  or  treacle  would  answer  for  the  purpose  in  place 
of  mercury,  but  would  not  give  so  clear  an  image. 

The  artificial  horizon  when  used  must  be  placed  on  some  solid 
support  not  liable  to  vibration,  (otherwise  the  surface  of  the  mer- 
cury will  never  be  quite  at  rest,)  in  such  a  position  that  the  reflected 
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image  of  the  object  can  be  clearly  seen  ;  and  when  the  object  has 
a  low  altitude,  it  must  be  raised  nearly  to  the  level  of  the  eye  of 
the  observer. 

In  observing,  the  image  of  the  object  reflected  from  the  index  to 
the  horizon  glass  must  be  brought  down  by  a  gentle  forward  move- 
ment of  the  index  until  it  is  nearly  in  contact  with  that  seen  on 
the  surface  of  the  mercury,  when  the  index  arm  is  clamped  and  the 
observation  completed  by  the  tangent  screw. 

When  the  lower  limbs  of  the  sun  are  in  apparent  contact,  the 
image  reflected  from  the  index  glass  appears  uppermost ;  when  the 
upper  limb,  of  course  the  reverse.  With  the  inverting  telescope 
generally  used  with  reflecting  instruments,  the  lower  limb  seen  in 
the  mercury  always  appears  the  upper,  and  vice  versd ;  and  the 
index  must  be  moved  in  the  contrary  direction  to  that  the  object 
appears  to  take  in  order  to  keep  it  in  the  field  of  view. 

The  angle  observed  with  an  artificial  horizon  is,  as  has  been 
before  stated,  always  double  the  angle  of  elevation  above  the 
sensible  horizon. 

DEFINITION  OF  TERMS. 

The  terms  answering  to  terrestrial  longitude  and  latitude,  when 
referred  to  the  celestial  sphere,  are  right  ascension  and  declination; 
the  former  being  measured  on  the  equinoctial  (or  the  plane  of  the 
equator  produced  to  the  heavens)  commencing  from  the  first  point 
of  Aries,  which  for  many  reasons  has  been  taken  as  the  conven- 
tional point  of  departure  in  the  celestial  sphere  ;  and  the  latter  on 
great  circles  perpendicular  to  the  equinoctial  and  meeting  at  the 
poles,  being  reckoned  north  or  south  of  this  plane. 

A  confusion  is  caused,  often  puzzling  to  beginners,  by  the  intro- 
duction of  the  terms  longitude  and  latitude  in  the  celestial  nomen- 
clature, having  a  different  meaning  from  the  same  expressions  as 
applied  to  the  situation  of  places  on  the  earth  ;  they  have  reference 
to  the  ecliptic  instead  of  the  equinoctial;  celestial  longitudes 
commence  also  from  the  intersection  of  these  two  planes. 

This  point  has  a  constant  gradual  irregular  retrograde  motion  on 
the  ecliptic  caused  by  the  combined  varying  influences  of  the  sun 
and  moon  upon  the  bulging  equatorial  portion  of  the  spheroidal 
form  of  the  earth,  whereby  the  intersection  of  the  planes  of  the 
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equator  and  ecliptic  recedes  annually  in  a  direction  contrary  to  the 
signs  at  the  rate  of  about  50'S".  The  result  of  this  is  a  slow  cir- 
cular motion  of  the  pole  of  the  equator  round  that  of  the  ecliptic, 
the  revolution  being  completed  in  about  25,800  years.  The  in- 
fluence exerted  by  the  sun  in  this  phenomenon  is  to  that  of  the 
moon  in  the  ratio  of  nearly  2  to  5,  but  not  always  in  the  same 
direction,  and  the  result  given  above  is  due  to  the  combination  of 
those  disturbing  causes  termed  solar  precession  and  nutation.  A 
full  and  lucid  description  of  these  and  all  other  irregularities  in  the 
earth's  motion  will  be  found  in  Woodhouse  and  Sir  J.  Herschel's 
"  Astronomy."  The  angle  of  inclination  of  the  planes  of  the  equator 
and  ecliptic,  termed  the  "obliquity  of  the  ecliptic,"  is  about 
23°  27'  30",  and  varies  slowly  at  the  rate  of  0*475  5"  per  annum, 
but  its  maximum  variation  cannot  exceed  2°  42'.  The  longitudes 
as  well  as  the  right  ascensions  and  declinations,  even  of  the  fixed 
stars,  are  constantly  undergoing  a  slight  change,  though  imper- 
ceptible to  measurement  in  short  intervals  of  time.  The  cor- 
rections for  their  places  on  this  account,  as  well  as  on  that  of  their 
aberration*  are  allowed  for  in  the  "catalogue  of  the  hundred 
principal  stars,"  given  in  the  Nautical  Almanac  for  every  tenth 
day,  and  can  easily  be  calculated  for  any  particular  period  of  time. 
Great  circles  perpendicular  to  the  horizon,  and  meeting  in  the 
zenith  and  nadir,  are  called  vertical  circles ;  on  these  the  altitudes 
of  objects  above  the  horizon  are  measured  ;  the  complements  to 
these  altitudes  are  termed  zenith  distances;  and  the  arc  of  the 
horizon  contained  between  a  vertical  circle,  passing  through  any 
object  and  the  plane  of  the  meridian,  is  termed  the  azimuth  of 
that  object.  The  altitude  and  azimuth  of  any  object  being 
known,  its  place  in  the  visible  heavens  at  that  moment  is  deter- 
mined ;  whereas  the  latitude  and  longitude,  or  the  right  ascension 
and  decimation,  fix  its  place  in  the  celestial  sphere. 

*  The  light  from  any  celestial  body  is  propagated  by  a  progressive  motion  at  the 
rate  of  200,000  miles  per  second.  If  the  observer  were  stationary,  the  result  would  be 
the  same  as  if  it  were  instantaneous ;  but  as  he  participates  in  the  motion  of  the 
revolution  of  the  earth,  the  point  in  space  in  which  the  object  is  actually  situated  is 
not  that  in  which  it  appears  at  the  time  of  observation  in  the  axis  of  the  telescope, 
which  has  in  the  interval  moved  forwards  with  the  rotary  motion  of  the  earth. 
This  difference  between  the  real  and  apparent  place  of  the  star  is  termed  its 
"Aberration," 
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The  right  ascension  and  declination  of  any  celestial  object  can 
evidently  be  determined  from  its  latitude  and  longitude,  and  vice 
versa ;  the  obliquity  of  the  ecliptic,  or  the  angle  it  forms  with  the 
equinoctial,  being  known. 

The  sensible  horizon  is  an  imaginary  plane  tangential  to  the 
earth  at  the  place  of  the  observer ;  whereas  the  rational  horizon 
(to  which  all  altitudes  must  be  reduced  by  the  correction  for 
parallax)  is  a  plane  parallel  to  the  former,  passing  through  the 
centre  of  the  globe :  altitudes  require  also  another  correction 
for  the  effects  of  refraction*  which,  it  has  been  already  explained 
in  Chap.  V.,  causes  the  apparent  place  of  any  object  to  be  always 
elevated  above  its  real  place ;  the  correction  is  therefore  sub- 
tractive. 

The  first  correction  alluded  to,  that  for  parallax ,t  is  always 
additive.  This  term,  as  applied  in  its  limited  sense  to  altitudes 
of  celestial  objects,  is  meant  to  express  the  angle  subtended  by 
the  semi-diameter  of  the  earth  at  the  distance  of  the  object 
observed.  Altitudes  of  the  moon,  from  her  proximity  to  the  earth, 
are  most  affected  by  parallax :  it  is  also  always  to  be  taken  into 
account  in  observing  altitudes  of  the  sun,  or  any  of  the  planets ; 
but  the  fixed  stars  have  no  appreciable  parallax,  owing  to  their 
immeasurable  J  distance  from  our  globe. 


In  the  figure  above,  H  0  is  the  sensible,  and  R  L  the  rational 
horizon ;  S  the  real  place  of  the  object,  and  S'  its  apparent  place, 

*  See  the  tenth  chapter  of  Woodhouse's  "  Astronomy"  for  the  explanation  of  the 
method  of  obtaining  the  constant  of  refraction,  and  the  different  values  of  this 
quantity,  generally  estimated  at  57". 

f  For  a  further  explanation  of  Parallax  in  a  more  general  sense,  see  Sir  J.  F. 
Herschel's  "  Astronomy,"  p.  47. 

£  At  least  5000  million  times  the  diameter  of  the  globe. 
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elevated  by  refraction  ;  S'  0  H  is  the  angle  observed  ;  S  0  II  the 
altitude  corrected  for  refraction,  and  SLR  the  same  altitude  cor- 
rected both  for  refraction  and  parallax,  being  equal  to  the  angle 
S  0  H+0  S  L,  the  parallax. 

It  is  evident  that  the  equatorial  parallax  of  any  object  (which 
is  that  given  in  the  Nautical  Almanac),  being  subtended  by  the 
semi-diameter  of  the  earth  at  the  equator,  is  always  the  greatest, 
and  that  at  the  poles  the  least.  The  diminution,  according  to  the 
latitude  of  the  place  of  observation,  can  be  obtained  from  tables 
constructed  for  the  purpose.  The  parallax  in  any  latitude  is  also 
greatest  at  the  horizon,  and  diminishes  as  the  object  approaches 
the  zenith,  where  it  vanishes. 

Another  correction  that  must  be  applied  to  the  observed 
altitudes  of  the  sun  or  moon  is  that  for  their  semi-diameters,  plus 
or  rminus}  according  as  the  upper  or  lower  limb  has  been  taken  :* 
this  quantity  is  found  for  each  day  of  the  month  in  the  Nautical 
Almanac. 

When  observations  are  made  at  sea,  an  allowance  must  be  made 
for  the  height  of  the  eye  above  the  horizon  :  this  correction,  termed 
the  dip,  is  evidently  always  subtractive  ;  and  in  observing  with  a 
sextant,  it  is  always  necessary  to  ascertain  and  apply  its  index 
error,  which  term  is  meant  to  express  the  deviation  of  the  read- 
ing of  the  instrument  from  zero,  when  the  direct  and  reflected 
images  of  an  object  are  made  exactly  to  coincide,  in  which  case  the 
horizon  and  index  glasses  are  parallel. 

The  usual  method  of  ascertaining  the  amount  of  this  error  of 
the  instrument  in  astronomical  observations,  is  by  measuring  the 
diameter  of  the  sun  on  different  sides  of  the  true  zero,  and  is  done 
as  follows : — set  the  vernier  at  about  half  a  degree  from  zero  on 
the  graduated  limb,  and  perfect  the  contact  of  the  two  limbs  with 
the  tangent  screw,-)"  noting  the  reading :  unclamp  the  index,  and 
set  the  vernier  again  to  about  the  same  distance  on  the  other  side 
of  zero,  termed  the  arc  of  excess  (which  is  divided  for  a  few  degrees 

*  When  several  observations  are  taken,  the  necessity  for  this  correction  can  be 
obviated  by  observing  alternately  the  upper  and  lower  limb. 

i"  In  using  the  tangent  screw,  a  perceptible  difference  is  found  between  a  progres- 
sive and  a  retrograde  motion— the  latter  had  better  always  be  avoided.  A  difference 
is  also  found  in  different  parts  of  the  length  of  the  screw. 
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for  this  purpose),  observing  also  this  reading,  when  the  contact  has 
been  again  perfected ;  half  the  difference  will  evidently  be  the 
index  error,  +  when  the  reading  of  the  arc  of  excess  is  the  greatest, 
and— when  that  of  the  limb  :  thus, 

Reading  on  the  arc  32'     10" 
On  arc  of  excess         33     20 


2)  1     10 
Index  error +         0     35 


These  definitions  are  rendered  more  evident  by  reference  to 
the  figure  below,  taken  from  Sir  J.  Herschel's  Treatise  on 
Astronomy,  published  in  the  Cabinet  Cyclopaedia. 

"  Let  C  be  the  centre  of  the  earth,  N  C  S  its  axis ;  then  are 
N  and  S  its  poles ;  E  Q  its  equator  ;  A  R,  the  parallel  of  latitude 
of  the  station  A  on  its  surface  ;  A  P,  parallel  to  S  C  n,  the  direc- 
tion in  which  an  observer  at  A  will  see  the  elevated  pole  of  the 
heavens  ;  and  A  Z,  the  prolongation  of  the  terrestrial  radius  C  A, 
that  of  his  zenith ;  N  A  E  S  will  be  his  meridian  ;  N  G  S  that  of 
some  fixed  station,  as  Greenwich  ;  and  G  E,  or  the  spherical  angle 


G  N  E,  his  longitude,  and  E  A  his  latitude.  Moreover,  if  n  s  be  a 
plane  touching  the  surface  in  A,  this  will  be  his  sensible  horizon ; 
n  A.  s,  marked  on  that  plane  by  its  intersection  with  his  meridian, 
will  be  his  meridian  line,  and  n  and  s  the  north  and  south  points 
of  his  horizon." 
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"  Again,  neglecting  the  size  of  the  earth,  or  conceiving  him 
stationed  at  its  centre,  and  referring  everything  to  his  rational 
horizon,  let  the  next  figure  represent  the  sphere  of  the  heavens  ; 

C  the  spectator  ;  Z  his  zenith ; 
and  N  his  nadir;  then  will 
H  A  0,  a  great  circle  of  the 
sphere  whose  poles  are  Z  and 
N,  be  his  celestial  horizon; 
P  p  the  elevated  and  depressed 
poles  of  the  heavens ;  H  P 
the  altitude  of  the  pole ; 
H  P  Z  E  0  his  meridian; 
E  T  Q,  a  great  circle  perpen- 
dicular to  P  p,  will  be  the 
equinoctial ;  and  if  r  represent 
the  equinox,  r  T  will  be  the  right  ascension,  T  S  the  declination, 
and  P  S  the  polar  distance  of  any  star  or  object  S,  referred  to 
the  equinoctial  by  the  hour  circle  P  S  T  p  ;  and  BSD  will  be  the 
diurnal  circle  it  will  appear  to  describe  about  the  pole.  Again,  if 
we  refer  it  to  the  horizon  by  the  vertical  circle  Z  S  M ;  H  M 
will  be  its  azimuth,  M  S  its  altitude,  and  Z  S  its  zenith  distance. 
H  and  O  are  the  ntfrth  and  south,  and  e  and  w  the  east  and  west 
points  of  the  horizon,  or  of  the  heavens.  Moreover,  if  H  h,  0  o, 
be  small  circles,  or  parallels  of  declination  touching  the  horizon  in 
its  north  and  south,  H  h  will  be  the  circle  of  perpetual  appari- 
tion, between  which  and  the  elevated  pole  the  stars  never  set; 
O  o  that  of  perpetual  occultation,  between  which  and  the  de- 
pressed pole  they  never  rise.  In  all  the  zone  of  the  heavens 
between  H  h  and  O  o  they  rise  and  set ;  any  one  of  them,  as  S, 
remaining  above  the  horizon  in  that  part  of  its  diurnal  circle 
represented  by  A  B  a,  and  below  it  throughout  all  that  represented 
by  a  D  A." 

From  these  figures  it  is  evident  that  the  altitude  of  the  elevated 
pole  is  equal  to  the  latitude  of  the  spectator's  geographical  station, 
for  the  angle  P  A  Z  in  the  first  figure,  which  is  the  co-altitude  of 
the  pole,  is  equal  to  N  C  A  ;  C  N  and  A  P  being  parallels  whose 
vanishing  point  is  the  pole.  But  N  C  A  is  the  co-latitude  of  the 
place  A,  whence  the  altitude  of  the  pole  must  be  equal  to  the 


PRACTICAL   ASTRONOMY.  223 

latitude.  The  equinoctial  intersects  the  horizon  in  the  east  and 
west  points,  and  the  meridian  in  a  point  whose  altitude  is  equal  to 
the  co-latitude  of  the  place. 

THE  NATURAL   STANDARDS  OF  THE  MEASUREMENT  OF  TIME  are 

the  tropical  year  and  the  solar  day,  and  these  are  in  a  manner 
forced  upon  us  by  nature,  though,  from  their  "incommensurability 
and  want  of  perfect  uniformity"  they  occasion  great  inconvenience, 
and  oblige  us,  while  still  retaining  them  as  standards,  to  have 
recourse  to  other  artificial  divisions.  In  all  measures  of  space  the 
subdivisions  are  aliquot  parts ;  but  a  year  is  no  exact  number  of 
days,  or  even  an  integer  with  an  exact  fractional  part ;  and  before 
the  introduction  of  the  new  style  into  England  in  1752,  an  error 
of  as  much  as  11  days  had  thus  crept  into  the  calendar. 
By  the  present  arrangement,  every  year  whose  number  is  not 
divisible  by  4  without  remainder,  consists  of  365  days  ;  every  year 
which  is  so  divisible,  but  is  not  by  100,  consists  of  366  days;  every 
year  again,  which  is  divisible  by  100,  but  not  by  400,  consists  of 
only  365  days  ;  and  every  year  divisible  by  400,  of  366.  The  pos- 
sibility of  error  is  thus  so  far  guarded  against,  that  it  cannot 
amount  to  one  day  in  the  course  of  3000  years,  which  is  sufficient 
for  all  civil  reckoning,  of  which,  however,  astronomy  is  perfectly 
independent. 

The  three  divisions  of  time  for  civil  and  astronomical  purposes 
are  the  apparent  solar,  mean  solar,  and  sidereal  day.  The 
apparent  solar  day  is  the  interval  between  two  successive  transits 
of  the  sun  over  the  same  meridian  ;  and  from  the  path  of  the  sun 
lying  in  the  ecliptic  inclined  at  an  angle  to  the  equator  upon  the 
poles  of  which  the  earth  revolves,  and  the  earth's  orbit  not  being 
circular,  it  follows  that  the  length  of  this  day  is  constantly  varying ; 
so  that,  although  it  is  the  only  solar  time  which  can  be  verified 
by  observation,  it  is  quite  unfit  for  application  to  general  use. 

THE  MEAN  SOLAR  DAY,  which  is  purely  a  conventional  measure 
of  time,  is  derived  from  the  preceding,  and  is  the  average  of  the 
length  of  all  the  apparent  solar  days  in  the  year,  as  nearly  as  it 
can  be  divided  :  and  this  is  the  measure  of  all  civil  reckoning. 
Mean  time  is,  in  fact,  that  which  would  be  shown  by  the  sun  if  he 
moved  in  the  equator  instead  of  the  ecliptic,  with  his  mean 
angular  velocity. 
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The  difference  on  any  day  between  apparent  and  mean  time  is 
termed  the  equation  of  time,  and  is  given  for  every  day  of  the 
year  at  mean  and  apparent  noon  in  the  first  and  second  pages  of 
each  month  in  the  Nautical  Almanac,  additive  or  subtractive, 
according  to  the  relative  positions  of  the  real,  and  the  imaginary 
mean  sun.* 

A  SIDEREAL  DAY  is  the  time  employed  by  the  earth  in  revolving 
on  its  own  axis  from  one  star  to  the  same  star  again ;  or  the 
interval  between  two  successive  transits  of  any  fixed  star,  which  is 
always  so  nearly  the  same  length,  that  no  difference  can  be  per- 
ceived except  in  long  intervals  of  time,t  particularly  in  stars 
situated  near  the  equator.  A  sidereal  is  3™  55S>91  shorter  than  a 
mean  solar  day,  and  is  also  less  than  the  shortest  apparent  solar 
day,  as  must  be  evident  from  the  figure  below,  where  the 
earth,  moving  in  its  orbit,  and  revolving  on  its  own  axis,  after  any 
point  on  its  surface,  A,  has  by  its  revolution  brought  the  star  S' 
again  on  its  meridian,  must  move  also  through  the  angle  S'  E  S, 
before  the  arrival  of  the  sun  S  on  the  same  meridian. 


Both  sidereal  and  apparent  solar  time  are  measured  on  the 
equinoctial,  the  former  being  at  any  particular  instant  the  angle 
at  the  pole  between  the  first  point  of  Aries  and  the  meridian  of 
the  observer  ;  and  the  latter,  that  contained  between  this  meridian 
and  the  meridian  where  the  sun  is  at  the  moment  of  observation, 
both  reckoned  westward  ;  hence  the  apparent  solar  time  added  to 
the  sun's  right  ascension  is  the  sidereal  time,  and  when  any  object 
is  on  the  meridian,  the  sidereal  time,  and  the  apparent  right 
ascension  of  that  object,  are  the  same. 

*  For  a  most  lucid  explanation  of  this  varying  equation,  see  "Woodhouse's  "  Astro- 
nomy," chap,  xxii.,  commencing  at  page  537  ;  and  also  Vince's  "Astronomy."  &c. 

t  For  the  causes  of  this  almost  imperceptible  variation  in  the  length  of  a  sidereal 
day,  see  Woodhouse,  p.  106  ;  there  is,  in  fact,  a  mean  and  an  apparent  sidereal 
day. 
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It  is  evident  that  the  difference  between  the  time  at  any  two 
places  on  the  earth's  surface  is  measured  by  the  same  arc  of  the 
equator,  which  measures  the  difference  of  their  longitudes,  the 
circumference  of  the  circle  representing  360  degrees  or  24  hours ; 
making  15  degrees  of  longitude  =  one  hour  of  time.  To  find  the 
difference  of  longitude  then  between  any  two  places,  only  requires 
us  to  be  able  to  determine  exactly  the  local  time  at  each  place, 
at  the  same  instant ;  for  which  purpose  chronometers  whose  rates 
are  known,  and  which  have  been  set  to,  or  compared  with,  Green- 
wich mean  time,  are  used  particularly  at  sea  where  other  means 
more  to  be  depended  upon,  cannot,  from  the  motion  of  the  ship, 
and  the  constant  change  of  place,  be  always  resorted  to. 

From  these  explanations  it  will  easily  be  seen  that  of  the  five 
following  quantities,  any  three  being  given,  the  other  two  can  be 
found  by  the  solution  of  a  spherical  triangle,  viz. : — 

1.  The  latitude  of  the  place. 

2.  The  declination  of  the  celestial  object  observed. 

3.  Its  hour  angle  east  or  west  from  the  meridian. 

4.  Its  altitude. 

5.  Its  azimuth. 

Thus  in  the  triangle  P  Z  S,  named  from  its  universal  application 
the  astronomical  triangle — 

P  is  the  elevated  pole,  Z  the  zenith,  and  S  the  star  or  object 
observed ;  and  the  five  quantities  above  mentioned,  or  their  com- 


plements, constitute  the  sides  and  angles  of  the  spherical  triangle 
Z  P  S  ;  P  Z  being  the  co-latitude,  P  S  the  co-declination,  or  north 

Q, 
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polar  distance,  Z  S  the  co-altitude  or  zenith  distance,  the  angle 
Z  P  S  the  hour  angle,  and  P  Z  S  the  azimuth. 

The  further  application  of  this  triangle  will  be  seen  in  the 
astronomical  problems. 

In  all  the  ordinary  observations  made  for  the  determination  of 
the  latitude,  local  time,  &c.,  the  object  observed  may  be  either  the 
sun,  or  a  star  whose  declination  and  right  ascension  are  known : 
the  latter  is  wherever  practicable,  to  be  preferred,  as  the  use  of 
the  sun  always  involves  corrections  for  semidiameter  and  parallax; 
also  in  many  observations  of  the  sun,  such  as  those  of  equal 
altitudes  for  time,  or  for  determining  the  direction  of  a  meridian 
line,  or  circum-meridian  altitudes  for  finding  the  latitude, — still 
further  corrections  are  requisite  on  account  of  the  change  of  the 
sun's  declination  during  the  period  embraced  by  the  observations  ; 
which  corrections  are  avoided  by  using  a  star. 

The  bisection  of  a  star  is  likewise  more  to  be  depended  upon 
than  the  observed  tangent  of  the  sun's  limb.  At  sea,  where 
minute  accuracy  is  neither  sought,  nor  to  be  obtained,  and  where 
at  night  the  horizon  is  generally  obscured,  and  often  not  to  be 
discerned  at  all,  this  advantage  is  either  not  material,  or  not  often 
to  be  taken  advantage  of;  but  on  shore  an  artificial  horizon 
is  always  used  with  reflecting  instruments,  and  upon  this  the  dark- 
ness of  the  night  has  no  effect. 

In  all  observations  of  a  star,  the  clock  or  chronometer,  if  not 
already  so  regulated,  must  be  reduced  to  sidereal  time ;  with  the 
sun  on  the  contrary,  the  timekeeper  must  be  brought  to  mean 
solar  time  whether  the  local  or  Greenwich  time  be  required. 


OBSERVATIONS. 

To  obtain  correct  results,  observations  should  be  taken  in  sets. 

Thus,  for  obtaining  time  and  latitude  at  a  place,  it  would  be 
sufficient  to  take  one  shot  at  a  star  east  or  west  for  time,  and  one 
circumpolar  or  circum-meridian  altitude,  provided  there  were  no 
instrumental,  atmospheric,  or  other  sources  of  error ;  but  to  elimi- 
nate all  such  errors,  the  following  method  is  adopted : — 
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Six  shots  east  and  six  west  at  two  stars  near  the  prime  vertical 
for  time,  six  or  eight  north  for  a  circumpolar  star  or  a  polaris,  and 
ten  or  twelve  south  for  circum-meridian  altitudes  for  latitude.  All 
clerical  errors  are  detected  and  obliterated  by  examining  each  set 
and  obtaining  the  mean  value,  all  other  errors  are  neutralised  by 
taking  the  mean  value  obtained  from  the  east  and  west  stars  and 
the  north  and  south.  Time  may  thus  be  obtained  most  accurately, 
and  latitudes  to  100  yards  of  the  true  position  on  the  earth's  sur- 
face. In  cases  where  both  time  and  latitude  are  only  known 
approximately,  it  is  necessary  to  work  out  the  observations  alter- 
nately two  or  three  times  over,  in  each  case  using  the  corrected 
results,  before  they  can  be  cleared  of  all  error. 

On  the  two  following  pages  are  given  the  forms  necessary  for 
recording  and  calculating  the  time  and  latitude  for  the  observations 
above  mentioned.  The  weather  was  windy  and  cloudy  at  the 
time,  the  observations  are  not  therefore  given  as  an  example  of 
accurate  observing,  on  the  contrary  they  are  rather  an  example  of 
the  precision  that  can  be  obtained  (when  time  is  an  object)  by 
inferior  observations.  For  example,  the  latitudes  obtained  at 
Gaza  on  30th  May  and  1st  and  2nd  June,  1867,  were  respec- 
tively : — 

31°  30'  16/15 

31  30  16.7 

31  30  17.3 

These   remarks  do  not,  however,  affect  the  principle  that  a  few 
good  observations  are  better  than  many  bad  ones. 


Q  2 
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Station. 

Cir  Gum-meridians  for  Lat. 

Date,  2nd  June,  1867. 

Observed 
Double 
Altitudes 
of 
Spica 
Virginis. 

Double 
Altitudes. 
96     0  15 
96    1  15 
96     1  55 
96    2  25 
96    2  15 
96     0     5 

Observed 
Times. 
8  35  47 
8  38  16.5 
8  40  11 
8  41  41 
8  43  15 
8  45  25 

Hour 
Angles. 
4  35.4 
2     7.1 
11.5 
1  18.4 
2  53.4 
5     3.4 

Table 
Nos. 
41.3 
8.8 
0.1 
3.3 
16.4 
50.2 

Log.  2 
Log.  c 
Log.  c 
Log.  c( 
Log.JV 

0  =               1.3010 
os.  lat.           9.9307 
os.  dec.  =•      9.99 
>s.  (L.D.)=  10.1747 

In.  Cor.  =      1.3982 

Meridian  Cor.  =24.53  sec. 

13     18     13 

Sums    .     .     . 

810 

Mean  Tab.  No. 

M.  T.  Sid 
Cor.  for  L 
„       H 
„      M 

„     s« 

M.  T.  of  T 
Chron.  En 

Chron.  Tii 

120.1 

20.0 

Mean    .     .     . 
Index  Error   . 

2 

Refraction  .     . 
Inst.  Cor. 

96     1  21 
1  30 

Star's  R.  A. 

96     2  51 

ereal  Noon     . 
ongitude    .     . 
ours     .     .     . 

19     18    49.3 
22 
12    57     52.2 
17    57 
13 

48     1  25.5 
-51 
30 

True  Altitude. 

48     1     4.5 

,c  

ransit  .     .     . 
or    .... 

ne  at  Transit  . 

Z.  D.     .     .     . 

41  58  55.5 
25 

Mer.  Cor.  .     . 

8     35     13.5 
5      5.1 

Mer.  Z.  D.      . 
Declination     . 

41  58  30.5 
10  28    7.4 

8    40    22.6 

Latitude     .     . 

31  30  23,2 

o  Polaris. 

2nd  June,  1867. 

Observed 
Altitudes  and 
Times. 

I 

60  13  10 
60  13  15 
60  12  35 
60  12  45 
60  12  30 
60  12  35 

8  18  36.5 
8  20     9.5 
8  21     48 
8  23    10 
8  24    41 
8  25    45 

Sidl.  Time  M.  N. 
Cor.  for  Long.  E. 

Cor.  for  Hours    . 
„       Min.  .     . 
„       Sec.  .     . 

Sidl.    Time    of) 
Observations  .  ) 

4    41     56.84 
22 

8    1  18.87 
17    2.79 
12.56 

13     0    9.06 

Sums. 

Mean. 
Chron.  Error. 

M.  T.  of  Observa 

South  Star 
North  Star 

Mean  Latitude 

tion. 

0                /                 II 

31     30    23.2 
31     30    11.7 

Sums    .     .     . 

16  50 

14  10 

Vtean    .     .     . 
ndex  Error   . 

60  12  48.3 
1.30 

8  22  21.6 
5    5.1 

2 
Appt.  Altde.  . 
Refraction  .     . 
nst.  Correction 

60  14  18.3 

8  17  16.5 
4 

30  7    9.2 
1  36 
30 

True  Altitude. 

st.  Cor.    .     . 
2nd  do.      .     . 
3rd  do.       .     . 

jatitude    .     . 

30  6    3.2 
_  i 

1  23  57.5 
1  11 

8  17  14.5 

2)63      0    3-1.9 

31  30  11.7 

)    .     .      31     30    17.4 

PROBLEMS. 


PROBLEM  I. 

TO   CONVERT   SIDEREAL  TIME  INTO  MEAN   SOLAR  TIME,  AND 
THE    REVERSE. 

THIS  problem  is  of  constant  use  wherever  the  periods  of  solar 
observations  are  noted  by  a  clock  regulated  to  sidereal  time,  or 
those  of  the  stars  by  a  chronometer  showing  mean  time.  A  simple 
method  of  solution  is  given  in  the  "  explanation  "  at  the  end  of 
the  Nautical  Almanac,  which  has  the  advantage  of  not  requiring 
a  reference  to  any  other  work,  and  also  of  all  the  quantities  being 
additive. 

The  three  tables  used  in  this  method  are  those  of  equivalents ; 
the  transit  of  the  first  point  of  Aries  in  the  19th ;  and  the  side- 
real time  at  mean  noon,  in  the  2nd  page  of  each  month. 

To  convert  sidereal  into  mean  solar  time : — 

To  the  mean  time  at  the  preceding  sidereal  noon,  i.  e.  the  transit 
of  the  first  point  of  Aries,  in  Table  XIX.,  add  the  mean  interval 
corresponding  to  the  given  sidereal  time,  taken  from  the  table  of 
equivalents. 

To  convert  mean  solar  into  sidereal  time : — 

To  the  sidereal  time  at  the  preceding  mean  noon,  found  in 
Table  II.,  add  the  sidereal  interval  corresponding  to  the  given 
mean  time  also  from  the  table  of  equivalents. 

The  mean  right  ascension  of  the  meridian,  or  the  sidereal  time 
at  mean  noon  given  in  the  Nautical  Almanac,  is  calculated  for  the 
meridian  of  Greenwich,  and  must,  therefore,  be  corrected  for  the 
difference  of  longitudes  between  that  place  and  the  meridian  of 
the  observer. 
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One  of  Mr.  Baily's  formulae  for  the  solution  of  the  same  problem 
is — 

M  =  (S-£l)-a 
and  S  = 

Where  M  represents  the  mean  solar  time  at  the  place  of  observa- 
tion, S  the  corresponding  sidereal  time,  JR  the  mean  right  ascen- 
sion of  the  meridian  at  the  preceding  mean  noon,  found  under 
the  head  of  "  sidereal  time "  in  page  2  of  each  month ;  a,  the 
acceleration  of  the  fixed  stars  given  in  Baily's  Table  VI.  for  the 
interval  denoted  by  (S—  -51);  and  A  the  acceleration  shown  in 
his  7th  table  for  the  time  denoted  by  M. 

Examples. 

Convert   8h   lm   10s  sidereal   time,  March   6,  1838,  longitude 
2in  21 '5s  east,  into  mean  solar  time. 

Mean  time  at  preceding  sidereal  noon  Green-  H.    M.     s. 

wich  (Table  XXII.)*  .  1     4    4419 


Correction  for  Longitude  : 

M.       S.  S. 

2     21-5  or  141«£ 
f-0027305  3-4362422 


2'    21-5  or  141*5       21507564 


•3863          1-5869986  ' 


1     4     44-5763 
Table  of  Equivalents : — 

H.      M.      S.  H.        M.          S. 

800  7     58     41-3635 

010  00     59-8362   >  7  59     51*1724 

0     0  10  0      0       9-9727 


Mean  time  required  .     9     4     35 '7487 

*  Now  table  XIX.  Nautical  Almanac,  1872. 

t  '0027305  is  the  change  in  time  of  sidereal  noon  in  one  second  ;  and  '0027379  is 
the  change  in  the  sun's  mean  right  ascension  in  one  second  of  time,  or  9 '8565  in  one 
hour. 
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Again,  to  convert  9h  4m  35 '748s  mean  solar  into  sidereal  time. 
O  right  ascension  at  mean  noon  Greenwich, 
under  head  of  "  Sidereal  Time/'  Table  II.          .     22h   55ra  5183 

Correction  for  Longitude  E  : 
141-5  2-1507564) 

*-0027379    •        3-4374176  I 

•3874  r-588174<r  -3874 


22     55     47926 
9h  4m  35748s  solar  time,  equivalent  sidereal      .       9       6     5-2112 


Sidereal  time  required .         .       81  10'0038 
The  same  examples  by  Mr.  Baily's  formula  : — 


H.       M.       S. 
S=     8        1     10 

R=22  55    479 


9     6     5-21 
A  (Table  VI.,  Baily)  .  _  l  29*46 


M=9     4     §575 
Again  S=  Jl+M  +  A 

H.      M.      S. 

M=  9    4  3575 
As  above,  M=  22  55    479 


7  59  40-54 
A  (Table  VII.,  Baily)       .         .  .     =    +   1  29  "46 


S=  8     1  10-00 

*  See  note  on  previous  page. 
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PROBLEM   II. 

TO  DETERMINE  THE  AMOUNT  OF  THE  CORRECTIONS  TO  BE  APPLIED 
TO  OBSERVATIONS  FOR  ALTITUDE,  ON  ACCOUNT  OF  THE  EFFECTS 
OF  ATMOSPHERIC  REFRACTION,  PARALLAX,  SEMI-DIAMETER,  DIP 
OF  THE  HORIZON  AND  INDEX  ERROR. 

THE  formula  given  by  Bradley  for  computing  the  value  of 
atmospheric  refraction  is  r  —  a.  tan  (Z — br),  where  Z  represents 
the  zenith  distance  of  the  object,  and  a  and  b  constants  deter- 
mined by  observation ;  a,  the  average  amount  of  refraction  at  an 
apparent  zenith  distance  of  45°  being  assumed  =  57";  and 
b  =  3"'2. 

The  formula  of  Laplace  is 

•99918827  x  c  tan  Z— '001105603  x  c  tan  SZ,  where  c  is  assumed 
=  60"'66. 

The  tables  constructed  from  these  formulae  are  of  course  not 
exactly  similar  on  account  of  the  difference  of  the  constants 
which  are  also  slightly  varied  in  the  tables  of  Bessel,  Groom- 
bridge,  &c.  They  all  suppose  a  mean  temperature,  and  mean 
pressure  of  the  atmosphere,  corrections  being  in.  all  cases  required 
on  account  of  the  deviation  of  the  thermometer  and  barometer 
from  these  assumed  standards.  These  corrections  are  however 
rendered  perfectly  simple  in  operation,  by  the  use  of  any  of  the 
numerous  tables  of  refraction;  those  by  Dr.  Young  being  given 
in  Table  IV.  in  this  volume. 

The  rate  of  the  increase  of  refraction  is  evidently,  from  the 
above  formula,  nearly  as  the  tangent  of  the  apparent  angular 
distance  of  the  object  from  the  zenith  in  moderate  altitudes.  In 
very  low  altitudes  (which  should  always  be  avoided  on  this  account), 
the  refraction  increases  rapidly  and  irregularly,  being  at  the  horizon 
as  much  as  33' — more  than  the  diameter  of  the  sun  or  moon. 

The  next  correction  is  for  parallax,  the  explanation  of  which 
term  has  been  given  in  page  219.  The  sign  of  its  value  in  any 
altitude  decreases  as  the  cosine  of  that  altitude ;  but  the  parallax 
in  altitude  may  be  obtained  from  the  horizontal  parallax  without 
computation,  by  the  aid  of  tables. 
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The  parallax  given  in  any  ephemeris  is  the  equatorial  which 
has  been  shown  in  page  220  to  be  always  the  greatest.  The  first 
correction,  where  great  accuracy  is  required,  is  on  account  of  the 
latitude  of  the  place  of  observation,  but  this  is  seldom  necessary 
except  in  altitudes  of  the  moon.  The  mean  horizontal  parallax 
of  the  sun  is  assumed  =  8"'6  ;  but  as  our  distance  from  this 
luminary  is  always  varying  in  different  parts  of  the  earth's  orbit, 
this  value  must  be  corrected  for  the  period  of  the  year. 
In  Table  VIII,  the  sun's  horizontal  parallax  is  given  for  the  first 
day  of  every  month,  which  will  facilitate  this  reduction,  the  pro- 
portional parts  being  found  for  any  intermediate  day.  In  the 
Nautical  Almanac,  however,  this  quantity  is  given  more  correctly 
for  every  tenth  day.  The  parallax  in  altitude,  corresponding  to 
this  horizontal  parallax,  can  also  be  ascertained  by  inspection, 
from  the  same  general  table. 

•  The  parallaxes  of  the  planets  are  given  for  every  fifth  day,  in 
the  Nautical  Almanac  ;  but  of  those  likely  ever  to  be  found  useful 
in  observation,  Yenus  and  Mars  are  the  only  planets  to  whose 
parallaxes  any  correction  need  be  applied  in  observing  with  small 
instruments.  The  horizontal  equatorial  parallax  of  the  moon 
is  to  be  found  for  mean  noon  and  midnight  of  every  day  in  the 
year,  in  the  third  page  of  each  month,  in  the  Nautical  Almanac. 
The  corrections  for  its  reduction  for  the  latitude  of  the  place,  and 
the  moon's  altitude,  require  from  their  magnitude  more  care  than 
those  of  any  other  celestial  body ;  but  in  observations  at  sea  the 
former  correction  is  generally  neglected,  and  the  latter  is  much 
facilitated  by  the  use  of  tables  giving  the  reduction  for  every  10' 
of  the  moon's  altitude.*  The  example  given  in  this  case  will  ex- 
plain the  method  of  making  these  corrections. 

The  semidiameter^-  of  the  sun  is  given  for  mean  noon  on  every 
day  of  the  year,  in  the  second  page  of  every  month  of  the  Nautical 
Almanac ;  that  of  the  moon  in  the  third  page  of  each  month  for 

*  See  Table  VIII.  of  Lunar  Tables,  page  188  of  Dr.  Pearson's  "Astronomy." 
Kiddle's  Table,  p.  154,  includes  the  corrections  both  for  Parallax  and  Refraction, 
and  is  useful  for  "  clearing  the  lunar  distance,"  to  be  hereafter  explained. 

f  All  quantities  in  the  Nautical  Almanac  are  calculated  for  Greenwich  time  ; 
allowance  must  therefore  be  made,  where  necessary,  for  difference  of  longitude, 
which  is  the  same  as  difference  of  time. 
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both  mean  noon  and  midnight ;  and  those  of  the  planets  (which 
are  seldom  required)  in  the  same  table  as  their  parallaxes.  The 
correction  for  semidiameter  is  obviously  to  be  applied,  additive  or 
subtractive,  wherever  the  lower  or  upper  limb  of  any  object  has 
been  observed,  to  obtain  the  apparent  altitude  of  its  centre  ; — the 
moon's  semidiameter  increasing  with  her  altitude,  from  the  ob- 
server being  brought  nearer  to  her  as  she  approaches  his  meridian, 
must  be  corrected  for  altitude,  which  can  be  done  by  the  aid  of 
Table  VII  * 

The  dip  of  the  horizon  is  a  correction  only  to  be  applied  at  sea, 
and  is  necessary  on  account  of  the  height  of  the  eye  above  the 


True  fiorizon 


sensible  horizon  (on  shore  an  artificial  horizon  is  always  used). 
A  larger  angle  is  evidently  always  observed ;  and  this  correction, 
which  can  be  taken  from  Table  XL,  is  always  subtractive. 

The  correction  for  the  index  error  has  already  been  explained. 


EXAMPLE  I. 

On  March  15,  1838,  the  observed  double  altitude  of  the  sun's 
upper  limb,  taken  with  a  sextant,  was  42°  37'  15",  the  thermome- 
ter at  the  time  standing  at  42°,f  and  the  barometer  at  29'98 
inches.  Required  the  altitude,  corrected  for  semidiameter,  refrac- 
tion, and  parallax. 


*  The  augmentation  of  the  moon's  semidiameter  for  every  degree  of  altitude  is 
given  in  Table  VII.  of  Dr.  Pearson's  "  Lunar  Tables. "  Altitudes  taken  with  an 
artificial  horizon  are  obviously  double  those  observed  above  the  sensible  horizon. 

+  In  rough  altitudes,  such  as  those  taken  at  sea  for  latitude,  no  correction  is  made 
on  account  of  the  state  of  the  thermometer  or  barometer. 
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Index  Error. 

i  a 

Eeading  on  the  arc 33  40 

Arc  of  excess                                                                         .     .     30  40 


2)  3       0 
Index  Error .  ,     —    1     30 


Refraction. 

21°,  Table  IV .     2  30'5 

l'-8 *2 

2  30'3 

Thermometer                                                                              +  2  '4 


2    327 
Barometer       . —  -1 

Corrected  Refraction 2    32*6 

Parallax. 
At  21°,  March  15,  Table  VIII.  —   .  +81 


Correction  for  refraction  and  parallax    .         .         .         .     .     2     24*5 


Observed  double  altitude  .  ..         42  37  15 

Index  error  —     1  30 


2)  42  35  45 

Apparent  altitude  Q 21  17  52*5 

Semidiameter    .  —   16     5'5 


Apparent  altitude  -G- 21     1  47 

Correction  for  refraction  and  parallax         .         .         —     2  24 '5 


Altitude  of  sun's  centre  20  59  22'5 


EXAMPLE  II. 

On  April  6,  1838,  at  9  P.M.,  Greenwich  time,  in  latitude  51°  30', 
the  double  altitude  of  the  moon's  lower  limb  was  observed 
97°  21'  50".  Index  error  of  sextant,  50".  Thermometer  54°. 
Barometer,  30- 1  inc.  Required  the  correct  altitude. 
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Semidiameter. 

H 

Horizontal,  9  P.  M 14    42 '8 

Augmentation  for  48°  40' '5 +     10-9 

14    537 
Refraction. 

48° 0    52-3 

55'-4 —      17 

50-6 
Thermometer —  -4 

50     -2 
Barometer +      '2 

50-4 

Parallax. 

Horizontal  equatorial,  9  P.M .53    597 

Corr.  for  Latitude,  51°  30' —      6-4 


Reduced  horizontal  parallax 53     53 '3 

Sin,  53'53"'3 =8'1952030 

Cos,  48°  54'33"'0 =9'8177337 


Parallax  in  altitude*  .'....  35'  25"     8 '0129367 

o      f      // 

Observed  double  altitude       .         .         .         .         97  21  50 
Index  error —  50 


2)97  21     0 

48  40  30 
Semidiameter  +   14  537 


48  55  237 

Refraction  —     50*4 


48  54  33-3 
Parallax  .  +   35  25 


Corrected  altitude  required  .         .         .         .         49  29  5 8 '3 


*  This  might  have  been  obtained  at  once  by  inspection,  by  using  the  tables  of 
Parallax. 
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In  these  examples  no  allowance  has  been  made  for  the  dip  of 
the  horizon,  as  the  observations  were  made  with  an  artificial  hori- 
zon :  with  the  fixed  stars  no  correction  is  required  for  se*mi- 
diameter  or  parallax. 


PROBLEM    III. 

TO  DETERMINE  THE  LATITUDE. 

Method  1st. — By  observations  of  a  circumpolar  star  at  the  time 
of  its  upper  and  lower  culminations. 

This  method  is  independent  of  the  declination  of  the  star 
observed :  the  altitudes  are  observed  with  any  instrument  fixed  in 
the  plane  of  the  meridian,  or  (not  so  accurately  of  course)  with  a 
sextant  or  other  reflecting  instrument  at  the  moments  of  both  the 
upper  and  lower  transits  of  the  star ;  or  a  number  of  altitudes 
may  be  taken  immediately  before  and  after  its  culminations,  and 
reduced  to  the  meridian,  as  will  be  explained.  In  either  case,  let 
Z  denote  the  observed  or  reduced  meridional  zenith  distance  of 
the  star  at  its  lower  culmination,  and  r  its  refraction  at  that  point ; 
also  let  Z'  and  r'  denote  the  zenith  distance  and  refraction  at  its 
upper  culmination.  Then  the  correct  zenith  distance  of  the  pole, 
or  the  co-latitude  of  the  place,  will  be=  £  (Z  +  Z')  +  J  (r  -f  r'). 

According  to  Baily,  a  difference  of  about  half  a  second  may 
result  from  using  different  tables  of  refraction. 

Method  2nd. — By  meridional  altitude  of  the  sun,  of  a  star  whose 
declination  is  known,  involving,  when  several  observations 
are  made  on  each  side  of  the  meridian,  a  reduction  to  the 
meridian. 

The  altitude  of  the  sun  or  star  being  determined  at  the  moment 
of  its  superior  transit,  as  before  explained,  and  corrected  for 
refraction,  and  also  for  parallax  and  semidiameter  when  necessary, 
the  latitude  required  will  be— 

Z  -f-  D,  if  the  observation  is  to  the  south  of  the  zenith. 

D— Z,  if  to  the  north  above  the  pole. 

180 -(Z  +  D)  to  the  north  below  the  pole. 
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Z  being  put  to  denote  the  meridional  zenith  distance,  and  D  the 
declination  (—  when  south}. 

This  is  evident  from  the  figure  below,  E  S,  E  S',  and  Q  S"  being 
their  respective  declinations  of  the  objects  S,  S'  and  S" ;  and 
P  0  or  Z  E  the  latitude  of  the 
place  of  observation,  which  is 
equal  to  (Z  S  +  E  S)  in  the 
case  of  the  star  being  to  the 
south  of  the  zenith  Z  ;  or 
E  S'  —  Z  S',  when  to  the 
north  above  the  pole  P  ;  and 
to180-(QS"  +  ZS")when 
to  the  north  below  the  pole. 

Perhaps  the  rule  given  by  Professor  Young  for  the  two  first 
cases  is  more  simply  expressed  thus : — Call  the  zenith  distance 
north  or  south,  according  as  the  zenith  is  north  or  south  of  the 
object.  If  it  is  of  the  same  name  with  the  declination,  their  sum 
will  be  the  latitude ;  if  of  different  names,  their  difference ;  the 
latitude  being  of  the  same  name  as  the  greater. 


EXAMPLE    I. 

On  April  2o,  1838,  longitude  2m  30s  east,  the  meridional 
double  altitude  of  the  sun's  upper  limb  was  observed  with  a  sex- 
tant 104°  3'  57" ;  index  error  1'  52" ;  thermometer  56° ;  baro- 
meter 29 '4.  Required  the  latitude  of  the  place  of  observation. 


Refraction  and  Parallax. 


61° 
45' 


Barometer 


Thermometer 

Corrected  refraction 
Parallax 


47'10 

—  1-23 

45-87 
.  —    1-52 

44-35 

—  0-56 

.  —  43-79 
+     5-29 


—  88-5 
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Declination. 

o         / 


Apparent  noon  at  Greenwich 13    8    9*30 

Change  for  2m  30s  longitude —  0    0    2'04 


13     8    7-26 


Observed  double  altitude       ...  104     3     57 

lodex  error  .     —     0     1     52 


2)104     2       5 

52     1       2-5 
Semidiameter  .     .  0  15     54*4 


Apparent  altitudes     .         .         .         .         .         .  51  45       8'1 

Correction  for  refraction  and  parallax    .          .     .  0     0     38 '5 


True  altitude     .  51  44     29'6 

90     0       0 


Zenith  distance     .         .         .         .  .     .  38  15     30'4 

Declination  North  13     8       7'3 


Latitude  North  :  51  23     37'7 


EXAMPLE  II. 

On  March  81,  1838,  at  5h  12m  57s  by  chronometer,  the  meridian 
altitude  of  the  moon's  upper  limb  was  observed  67°  V  5" ;  the 
index  error  of  instrument  being  —  1'  0";  barometer  30*1  inc. ; 
thermometer  51° ;  the  approximate  north  latitude  was  estimated 
52°,  and  longitude  2m  21'  5"  E.  Required  the  latitude.* 


*  The  number  of  corrections  required,  and  the  necessary  dependence  upon  Lunar 
tables,  render  an  altitude  of  the  moon  less  calculated  for  determining  the  latitude 
than  one  either  of  the  sun  or  a  star. 
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Se  m  idia  meter. 

Horizontal,  noon  ...... 

Do.        midnight       . 

Difference  in  12  hours  ..... 
Proportion  for  5h  12m  57s,  and  4m  21  -y»  long"  . 

Horizontal  semidiameter  at  time  of  observation 
Augmentation  for  altitude          . 

Corrected  semidiameter  ... 


15     26-2 
15     19-3 


6-9 
3-0 


15    37'5 


Refraction . 


Refraction. 


66°  =          
44-5-      

25-9 
0'9 

2o'0 

Barometer          .... 

.     +      '09 

Thermometer         .         . 

.     —     -06 

25-03 


Parallax. 

Horizontal  equatorial  parallax,  noon 

midnight   . 

Difference  in  12  hours  ...... 

Corrected  for  5h  12m  57s,  and  2m  21 '5s  E.  longitude    . 
Correction  for  latitude  (see  4th  Lunar  Table,  Pearson) 


Horizontal  parallax 

Log.  sin  semidiameter  56'  20"  '8 

Log.  cos  altitude     .     66°  44'    2" '5 

Parallax  in  altitude .     22'  15 "  '5      . 
Or  by  the  use  of  Table  VIII.,  Dr.  Pearson 


8-21460U6 
9-5966081 

7-8112087 


56  38-9 

56  13-6 

0  25-3 

56  27'9 

0  71 


20-8 


22     15-1 


Declination. 


Time  of  observation 
Longitude  (in  time)  . 

Corresponding  Greenwich  mean  time 

At5h 

10™ -5    . 


h.    m.    s. 
5  12     57 

.       0     2     21-5 
.     5  10     35-5 

N    28    29    377 
f       0       0     16-97 

28     29     54-67 

R 
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off/ 


Apparent  altitude   ]) 67     1     5 

Index  error .  ...  —     010 


67     0     5-0 
Semidiameter  .  .  —     0  15  37'5 


Apparent  altitude         ...  66  44  27'5 

Refraction  .  —     0     0  25'0 


66  44     2-5 
Parallax  .   +     0  22  15'5 


Corrected  altitude    .  67     6  18 

90     0     0 


Zenith  distance 22  53  42 

Declination  .   +   28  29  54'67 


Latitude  required         .         .         .         .         .     .          51  23  36 '67 


CIRCUM-MERIDIAN  ALTITUDES. 

An  observer  not  furnished  with  a  mural  circle,  or  other  instru- 
ment fixed  in  the  plane  of  the  meridian  with  which  to  measure 
meridional  altitudes,  can  obtain  his  latitude  more  correctly  than 
by  observing  a  single  approximate  meridional  altitude  with  a  sex- 
tant or  other  reflecting  instrument,  by  taking  a  number  of  altitudes 
of  the  sun  or  a  star  near  to,  or  on  each  side  of  the  meridian,  and 
from  thence  determining  the  correct  altitude  of  the  object  at  the 
time  of  its  culmination. 

This  method,  termed  that  of  "  circum-meridian  altitudes,"  to 
the  mean  of  which  altitudes  is  to  be  applied  a  correction  for  its 
"  reduction  to  the  meridian,"  is  susceptible  of  great  accuracy  ; 
and  the  repeating  circle,  already  described,  is  peculiarly  adapted 
for  these  observations,  on  account  of  the  rapidity  with  which  they 
can  be  taken.  The  distance  from  the  sun  or  star  from  the  meridian 
(in  time)  is  noted  at  the  moment  of  each  observation,  by  a  chrono- 
meter when  the  former  is  the  object,  and  by  a  sidereal  clock  (if 
there  is  one)  when  the  latter,  to  save  the  conversion  of  one 
denomination  of  time  into  the  other.  The  formula  given  by  Mr. 
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Baily,  freed    from  the  second  part   of  the  equation  which  it  is 
seldom  necessary  to  notice,  is — 

05  =  A  x  cos  K  7  D  where 

sin  Z 

x  represents  the  required  correction  in  seconds. 

L,  the  latitude  (known  approximately). 

D,  the  declination  (minus  when  south). 

Z,  the  meridional  zenith  distance,  also  known  approximately 
from  the  above. 

A,  a  quantity  depending  on  the  horizontal  angle  of  the  object, 
and  given  in  Table  XIII.  under  the  head  of  "  Reduction  to  the 
meridian/'  being  =  -  r^i?  where  P  =  the  horary  angle  at  the 

pole  as  shown  by  a  well  regulated  clock  ;  which  angle  will  change 
its  sign  after  the  meridional  passage  of  the  star.     (See  page  247.) 

Among  the  instructions  drawn  up  by  Mr.  Airy  for  the  guidance 
of  the  officers  employed  upon  the  survey  of  the  North  American 
Boundary,  this  method  of  determining  the  latitude  with  the 
altitude  and  azimuth  instrument  is  recommended,  and  was  con- 
stantly practised  with  stars  near  the  meridian.  The  axis  of  the 
instrument  is  to  be  adjusted  nearly  vertical,  and  the  cross  axis 
nearly  horizontal  (great  accuracy  is  not  required),  the  telescope 
made  to  bisect  the  star  upon  its  middle  horizontal  wire,  and  the 
time  noted.  Then  read  the  large  divisions  with  the  pointer,  and 
the  two  microscopes  A  and  B  ;  read  also  the  level  right  hand  and 
left  hand. 

Turn  the  instrument  180°  in  azimuth,  and  repeat  these  observa- 
tions— revert  to  the  first  position,  and  continue  this  process  as  often 
as  may  be  thought  necessary — note  the  barometer  and  thermometer 
— then  add  together — 

Reading  of  A. 

Reading  of  B. 

And  equivalent  for  left-hand  level. 

Subtract  equivalent  for  right-hand  level. 

Divide  the  remainder  by  2,  and  apply  the  pointer  reading  of  A 
for  the  uncorrected  circle  reading  for  the  first  observation. 

.  The  same  process  is  repeated  for  the  second  and  all  the  other 
observations. 

R  2 
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For  each  observation  correct  the  chronometer  time  for  rate  and 
error,  and  convert  this  into  (if  not  already  showing)  sidereal  time  ; 
take  the  difference  between  the  sidereal  time  and  the  star's  right 
ascension  for  the  star's  hour  angle,  which  reduce  to  seconds  of 
time  and  call  p. 

Then  compute  for  each  observation  the  number 


•      -./A      cos  Lat,   x  cos  Star's  Declination       ^ 
Sm       JX        sin  Star's  Zenith  Distance  ?  ' 


which  is  the  correction  in  seconds  of  arc  to  the  observed  zenith 
distance  to  bring  it  to  the  true  meridian  zenith  distance,  and  is 
always  subtractive,  except  the  star  is  below  the  pole.  In  applying 
this  correction  however  to  the  circle  readings,  it  will  be  additive, 
or  subtractive,  according  as  by  the  construction  of  the  circle, 
increasing  readings  represent  increasing  or  decreasing  zenith 
distances. 

Half  the  difference  of  two  corrected  readings  in  opposite  positions 
of  the  instrument  is  the  star's  apparent  zenith  distance  on  the 
meridian  ;  or  the  mean  of  all  the  observations  in  one  position  may 
be  compared  with  the  mean  of  all  those  in  the  other,  and  half 
their  sum  is  the  zenith  point. 

To  this  zenith  distance  add  the  correction  for  refraction,  taking 
into  consideration  the  readings  of  the  thermometer  and  barometer, 
and  apply  the  star's  declination  for  the  day  (from  the  Nautical 
Almanac)  for  the  latitude. 

The  above  instructions*  apply  only  to  stars  observed  near  the 
meridian.  The  latitude  can,  however,  be  obtained  by  similar 
observations  of  stars  situated  very  far  from  the  meridian,  though 
this  method  would  very  seldom  be  resorted  to. 

When  the  sun  is  the  object  observed,  a  further  correction  must 
be  made  on  account  of  the  change  in  declination  during  the  time 
occupied  by  the  observation,  which  is  expressed  by 


n 


*  See  "Corps  Papers,"  vol.  iii.  p.  328,  where  will  also  be  found  examples  worked 
out  in  detail,  of  latitudes  thus  obtained  on  the  survey  of  the  North  American 
Boundary. 
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S  being  the  change  of  declination  in  one  minute  of  time  (minus 
when  decreasing)  expressed  in  seconds. 

E  the  sum  of  the  horary  angles  observed  to  the  east,  expressed 
in  minutes  of  time,  and  considered  as  integers. 

W  their  sum  to  the  west,  and 

n  the  number  of  these  observations. 

When  a  star  is  the  object  observed,  and  the  time  is  noted  by  a 
chronometer,  regulated  to  mean  time,  the  value  of  A  must  be 
multiplied  by  1 '0054762.  Also,  if  the  clock  does  not  keep  its  rate 
either  of  sidereal  or  mean  time  accurately,  a  further  correction 
is  imperative;  and  A  must  be  multiplied  by  1  + '0002315  r, 
where  r  denotes  the  daily  rate  of  the  clock  in  seconds,  minus 
when  gaining,  and  plus  when  losing. 


EXAMPLE. 

On  March  8,  1837,  the  following  observations  were  taken,  with 
a  sextant,  the  chronometer  being  fast  9111  16s ;  index  error  of 
sextant,  —I'  20";  barometer,  29'54;  thermometer,  50°. 

H.      M.      S. 

1  O  •  •         -         .  12     9  48  )        .         .         .         .  68  3     0 

2O.         .         .     .       0  10  53  j 66  51  20 

3  o                -         .  0  12     9 |        .         .         .         .  68  5     0 

4  O  .         .         .     .       0  13  15  f 67  0  25 

5  o  •         .         -  0  14  46 )        .         .         .         .  68  6  10 
60.         .         .     .  0  15  54  j  .  .         .     .  67  1  50 
7  o  -         -         .  0  19  32)        .         .         .        .  68  7  30 

80.                 .     .       0  21     3 1 67  2  10 

9  o  .         .         .  0  22  25 )        .         .         .         .  68  7  20 

10  O  .  .         .     .  0  23  55  i 67     1     5 

115  .         .         .  0  24  53)  .         .                  .  68     7  10 

12  O  .  .         .     .  0  26  54) 67     0  40 

13  o  •         •         .  0  27  57 )  ,         .         .         .  68     5  40 

14  O  .  0  29  32  \  .  .  66  58     0 


Sum  of  altitudes  945  37  20 
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14)  945  37  20 

Index  error  .... 

67  32  40 
1  20 

2)     67  31  20 

Mean  apparent  altitude    . 
*Refraction  and  parallax 

.     .       33  45  40 
-     1  18-5 

True  mean  altitude 

33  44  21-5 

90     0     0 

Zenith  distance 56  15  38'5 

Apparent  noon          .         .                  .                  .     .  12     0     0 

Equation  of  time +   0  11     1'32 

Mean  time  at  apparent  noon 12  11     T32 

Error  of  chronometer .  +   0916 

Time  shown  by  chronometer  at  apparent  noon  .     .  12  20  17*32 


Observ.  j       Distance  from  noon. 

Value  of  A,  Table  XIII. 

1 

M. 

10 

29-3  E. 

216-1 

2 

9 

24-3 

173-8 

3 

8 

8-3 

130-2 

4 

7 

2-3 

97'3 

5 

5 

31-3 

59-9 

6 

4 

23-3 

37-9 

7 

0 

45-3 

1-2 

8 

0 

457  W. 

1-2 

9 

2 

377 

13-5 

10 

3 

377 

25-9 

11 

4 

35-7 

41-3 

12 

6 

67 

73-4 

13 

7 

397 

115-2 

14 

9 

14-7 

167-8 

7)    11547 

2)      164-95 

Mean  value  of 

A  =                             82-5 

*  The  process  by  which  this  and  other  corrections  are  obtained  is  omitted,  having 
been  fully  explained  by  the  preceding  examples. 
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Approximate  zenith  distance  Z      .         .         .         56°  15' 
Declination  D         .         .     .     —  4    50 

Approximate  latitude  L  .         .         51    25 

Cos.  L  = 97949425 

Cos.  D  =       ' 9*9984465 

Ar.  comp.  sin.  Z==  .         .         .         ...  0*0800783 

Log.  A,  82-5= 1-9164539 


Log.  61"6  (x)= 17899212 


Tjl    _    TTT 

Correction  for  change  in  declination  is  —  S  X  —  -page  244. 


A    o-l  ,   j  •^as*   ^'^     ^um  °f  1  *°    ^  )  observations  in  preceding 
(West  34.6          „       8  to  14  j      pages  expressed  as  in- 

tegers. 

71=14)11.1 


0.8 
S=       -  0"97.     See  pages  245,  first  paragraph. 

— 0"776  =  correction  in  seconds  for  change  of  sun's 
declination. 

O  /  ft 

Mean  observed  zenith  distance  .         .         .         .         56  15  38 '5 

Correction  x —     1     1*6 

Ditto  for  declination .  —     0     07 


Correct  meridian  zenith  distance  .         .         .     .         56  14  3 6  "2 
Declination  south  —  4  50  34 '9 


Latitude  51  24     T3 


Method  3rd — By  the  altitude  of  the  pole  star,  at  any  time  of 

the  day* 

If  the  altitude  of  the  pole  star  can  be  taken  when  on  the 
meridian,  its  polar  distance  either  added  to,  or  subtracted  from, 

*  This  of  course  is  only  applicable  to  northern  latitudes.  In  the  southern 
hemisphere  there  is  no  star  sufficiently  near  to  the  south  pole  to  be  made  available  in 
thus  determining  the  latitude. 
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the  altitude,  gives  at  once  the  latitude ;  and  when  observed  out  of 
the  meridian,  as  at  the  point  S  or  S'  in  the  figure,  the  latitude  can 
be  easily  obtained,  as  follows : — 

Let  Z  P  O  represent  the  meridian,  Z  the 
zenith,  P  the  pole,  and  a  S  of  the  circle  described 
by  the  polar  star  S,  at  its  polar  distance  P  S. 
The  star's  horary  angle  Z  P  S,  or  Z  P  S',  is 
evidently  the  difference  between  its  right  as- 
ension  and  the  sidereal  time  of  observation ; 
and  in  the  spherical  triangle  Z  P  S  (or  Z  P  S')  we  have  Z  S,  P  S, 
and  the  angle  Z  P  S  ;  to  find  Z  P,  the  co-latitude.  The  result  may 
be  obtained  with  almost  equal  accuracy  by  considering  P  S  c  as  a 
plain  right-angled  triangle,  of  which  P  c  is  the  cosine  of  the  angle 
c  P  S  to  radius  P  S,  the  distance  P  c  thus  found  is  to  be  added  to, 
or  subtracted  from,  the  altitude  H  S,  according  as  the  star  is  above 
or  below  the  pole,  which  is  thus  ascertained  : — If  the  angle  Z  P  S' 
be  less  than  6,  or  more  than  18  hours,  the  star  is  above  the  pole, 
as  at  S' ;  if  between  6  and  18  hours,  it  is  below  the  pole,  as  at  S. 

By  the  tables  given  in  the  Nautical  Almanac,  the  solution  is 
even  more  easy,  and  has  the  advantage  of  not  requiring  any  other 
reference.  The  rule  is  as  follows : 

1st.  From  the  corrected  altitude  subtract  I7. 

2nd.  Reduce  the  mean  time  of  observation  at  the  place  to  the 
corresponding  sidereal  time. 

3rd.  With  this  sidereal  time  take  out  the  first  correction  from 
Table  I.,  with  its  proper  sign,  to  be  applied  to  the 
altitude  for  an  approximate  latitude. 

4th.  With  this  approximate  latitude  and  sidereal  time  take  out 
from  Table  II.  the  second  correction;  and  with  the  clay 
of  the  month  and  the  same  sidereal  time  take  from 
Table  III.  the  third  correction.  These  are  to  be  always 
added  to  the  approximate  latitude  for  the  latitude  of 
the  place. 

EXAMPLE. 

On  Oct.  26,  1838,  the  double  altitude  of  Polaris,  observed  with 
a  repeating  circle,  at  llh  55m  30  <  mean  time,  was  105°  44'  53",  the 
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barometer   standing   at    29 '8;   thermometer,    50°.     Required    the 
latitude  of  the  place  of  observation. 

By  the  method  given  in  the  Nautical  Almanac, — 

H.        M.      S. 

Mean  time 11  55  30 

Corresponding  sidereal  time       .         .         .     .  2  15     678 

O  /  I, 

Observed  altitude  .  .    2)  105  44  53 


52  52  26'5 
Refraction  —     0     0  44 


Corrected  altitude 52  51  42 %5 

Subtract    .  010 


52  50  42-5 

Correction  1st  for  sidereal  time  —     1  28  21*7 


51  22  20-8 
Correction  2nd  .         .         .         .  .'•••+   0       0     9*6 


51  22  30-4 
Correction  3rd  +     0     1  10'5 


Latitude  required  51  23  40'9 

The  same  example  by  spherical  trigonometry  :  — 

O  I  II 

Corrected  altitude  52  51  42'5 


Zenith  distance 37     8  17'5  Z  S 

Declination  .  88  27     7'6 


N.  P.  distance   .  .  .      1  32  52*4  P  S  \ 

H.    M.  S. 

Sidereal  time 2  15     678 

R.  A.  Polaris  1     2  12'94 


Hour  angle  past  meridian      .  ..112  53'84 

Equal  in  space  to          .  .         .         .     18°  13'  27* 
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Then  in  the  triangle  Z  P  S,  we  have— 

ZS  =  .         .         .         ...        .         .     37     8  17-5 

PS  = 1  32  52-4 

Angle  P= 18  13  27 

To  find  Z  P,  the  co-latitude. 

The  solution  of  which  triangle  gives — 

o      /       // 

Z  P  =        .         .         .         .     38  36  21 
And  latitude          .         .     .     51  23  39 
By  considering  S  P  c,  as  a  plane  right- 
angled  triangle,  in  which  P  c,  the  correc- 
tion to  be  subtracted,  is  the  cosine  of  P  to 
radius  P  S,  the  latitude  is  found  by  plane 
trigonometry  within  a  few  seconds  of  the  above  results. 

Method  4fth. — By  an  altitude  of  the  sun,  or  of  a  star,  out  of  the 
meridian,  the  correct  time  of  observation  being  known. 

By  reference  to  the  figure,  it  will  be 
seen  that  this  method  simply  involves 
the  solution  of  the  spherical  triangle 
Z  P  S  already  alluded  to,  formed  by  the 
zenith,  the  pole,  and  the  object  at  the 
time  of  observation  ;  of  which  Z  S,  the 

zenith  distance,  P  S,   the  polar  distance,  and  the  angle  at  P  are 
known,  and  Z  P,  the  co-latitude,  is  the  quantity  sought. 

The  formula  given  by  Baily,  for  finding  the  third  side,  when 
the  other  two  sides  and  an  angle  opposite  to  one  of  them  are 
given,  is 

tan  a    =  cos  given  angle  x  tan  adjacent  side 
//.__  cos  a    x  cos  side  opp.  given  angle 

COS    ft      —    -  — — — — 

cos  side  adjacent  given  angle 

and  x  =  (a'  +  a"),  which    formula    is    used    in    the    following 
examples : 

EXAMPLE  I. 

On  May  4,  1838,  the  observed  altitude  of  the  sun's  upper  limb 
at  5h  47m  15*  by  chronometer  was  14°  44'  58".  The  index  error 
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of  the  sextant  being  28",  and  the  watch  3m  34S<4  too  fast.     Baro- 
meter 29'9 ;  thermometer  61  ;  required  the  latitude. 


Apparent  altitude  Q 
Index  error 

Semidiameter  . 
Apparent  altitude  ® 
Refraction  and  parallax    . 
Altitude      . 

Zenith  distance  (Z  S) 
Declination 

North  Polar  distance  (P  S) 

Mean  time  of  observation    . 
Equation  of  time 
Apparent  time 

In  space 
Angle  P       . 


Cos  P       . 
Tan  P  S       . 
Tan  a'      . 

Cos  a'  . 
CosZS   . 
Ar.  comp.  P. 
Cos  a"  = 


=  a  +  a= 


Latitude  required 


86  46  15-9 

74  0  46 
11  7  17 

11  7  17 

75  34  50-3 
74  0  46 
27  28  58-6 


11     7  17 
27_28_58-6 
38  36  15-G 
90_0     0 
51  23  4V4 


14  44  58 
-     0     0  2  8 

-_0  15  52-2 

14  28~37'8~ 
-03  281_ 

14  25     9'7~ 
90     0     0 
75  34  50-3 

15  59  14 
90     0     0 
74     0  46 

I)      in      s 

5  43  40-6 
+         3  24-46 

5  47     5-06 


J5'1 
.      j  47m 

V     ;V06S 


5'06S  = 


75  0  0 
11  45  0 
0  1  15-9 
86  46  15-9 

8-7506671 
0-5428692 
9-2935363 

9-9917668 
9-3962296 


9-9479962 
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Wheii  the  sun  is  the  object  observed,  the  hour  angle  P  (as  in 
the  last  example)  is  the  apparent  time  from  apparent  noon  at  the 
place  of  observation,  converted  into  space ;  but  with  a  star,  it  is  its 
distance  from  the  meridian,  either  to  the  east  or  west  according  as 
it  has  or  has  not  come  to  its  culmination ;  and  this  angle  is  simply 
the  sum  or  difference  of  the  star's  right  ascension,  and  the  time 
of  the  observation  converted  into  sidereal  time;  to  be  multiplied 
by  15  for  its  conversion  into  space. 

Method  5th. — By  two  observed  altitudes  of  the  sun,  or  a  star, 
and  the  interval  of  time  between  the  observations. 

This  problem  is  of  importance,  as  its  solution,  though  long, 
does  not  involve  a  knowledge  of  the  correct  time  at  the  place  of 
observation  ;  and  the  short  interval  of  time  can  always  be  measured 
with  sufficient  accuracy  by  any  tolerable  watch.  Various  methods 
have  been  devised  to  shorten  the  calculation  of  "  double  altitudes  " 
by  tables  formed  for  the  purpose,  one  of  which  may  be  found  at 
p.  231  of  Riddle's  "  Navigation  ; "  but  the  direct  method  by 
spherical  trigonometry  is  most  readily  understood  and  easily 
followed. 

Let  S  and  S'  represent  the 
places  of  the  object  at  the  jimes 
of  the  two  several  observations, 
(they  may  be  on  different 
sides  of  the  meridian,  or,  as  in 
the  figure,  both  on  the  same 
side)  ;  Z  S  and  Z  S'  then  are 
their  respective  zenith  distances, 
and  P  S  and  P  S'  their  polar 
distances  ;  S  P  S'  being  the  hour  angle  observed. 

First— In  the  triangle  P  S  S',  the  two  sides  P  S  and  P  S'  are 
given  with  the  included  angle  at  P  to  find  S  S'  and  the  angle 
P  S  S'.  Again,  in  the  triangle  Z  S  S',  we  have  the  three  sides  to 
find  the  angle  Z  S  S',  which  taken  from  P  S  S'  just  found,  leaves 
the  remaining  angle  P  S  Z.  Lastly— in  the  triangle  P  S  Z  we  have 
P  S,  Z  S,  and  the  angle  P  S  Z,  to  find  P  Z,  the  co-latitude  sought. 
In  a  similar  manner  the  latitude  may  be  found  by  simultaneous 
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altitudes  of  different  stars,  the  difference  of  their  right  ascensions 
giving  the  angle  S  P  S,  without  the  use  of  a  watch.  Tables  have 
been  calculated  by  Dr.  Brinkley,  from  which  the  distance  SS 
can  be  obtained  by  inspection  (allowing  for  the  change  in  the 
right  ascension  of  the  stars  after  any  long  interval),  and  the 
calculation  is  thus  considerably  abridged.  By  an  azimuth  and 
altitude  instrument,  the  latitude  may  also  be  found  by  the  two 
altitudes,  and  the  difference  or  sum  of  the  observed  azimuths  of 
the  sun  or  star. 

Equal  altitudes  of  the  same  star  on  different  sides  of  the 
meridian,  with  the  interval  of  sidereal  time  between  the  obser- 
vations, also  furnish  the  means  of  ascertaining  the  latitude,  and 
this  method  is  most  useful  in  a  perfectly  unknown  country.  The 
hour  angle,  east  or  west,  will  evidently  be  measured  by  half  the 
elapsed  interval  of  time;  and  in  the  triangle  Z  P  S,  we  have  this 
hour  angle  Z  P  S,  the  polar  distance  P  S,  and  the  co-altitude  Z  S, 
to  find  Z  P  the  co-latitude  ;  moreover  the  hour  angle  being  known, 
and  also  the  right  ascension  of  the  star,  the  point  of  the  equi- 
noctial which  is  on  the  meridian,  and  consequently  the  local 
sidereal  time  is  determined,  from  which  the  mean  time  can  be 
deduced. 

The  latitude  may  likewise  be  ascertained,  independently  of  the 
graduation  of  the  instrument,  by  placing  the  axis  of  the  telescope 
of  an  altitude  and  azimuth  circle*  due  north  and  south,  so  that 
the  vertical  circle  shall  stand  east  and  west.  The  observations  of 
the  two  moments  T  and  T'  (in  sidereal  time),  in  which  the  star 
passes  the  wire  of  the  telescope,  will  give  the  latitude  from 
the  following  formula. 

Cot  L  =  cot  declination  X  cos  £  (T  — T'). 

If  a  chronometer  set  to  mean  time  is  used,  the  interval  (T— T') 
must  be  multiplied  by  1 '0027379,  or  the  value  corresponding  to 

*  A  portable  transit  placed  in  the  plane  of  the  prime  vertical,  instead  of  that  of  the 
meridian,  of  course  affords  the  same  facility  for  thus  determining  the  latitude.  The 
stars  selected  should  have  their  declinations  less  than  the  latitude  of  the  place,  but 
by  as  small  a  quantity  as  possible. 
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the  interval,  found  in  the  table  for  converting  mean  into  sidereal 
time,  must  be  added.* 

The  accuracy  of  this  method  depends  upon  the  correctness  of 
the  tabulated  declination  of  the  star,  but  a  slight  error  in  this  will 
not  affect  the  difference  of  latitude  between  two  places,  thus  found. 
By  observing  on  following  days  with  the  axis  reversed,  and  taking 
the  mean  of  the  observations,  any  error  in  the  instrument  is  cor- 
rected ;  this  method  is  particularly  recommended  by  Mr.  Baily  for 
adoption  in  geodesical  operations,  as  the  difference  of  latitude  of 
two  stations  is  obtained  almost  independently  of  the  declination 
of  the  star,  and  the  only  material  precaution  to  be  taken  is  in 
levelling  the  axis  of  the  telescope,  which  should  be  one  of  very 
good  quality. 


PROBLEM  IV. 

TO    FIND   THE   TIME. 

Method  1st. — From  single,  or  absolute  altitudes  of  the  sun,  or  a 
star  whose  declination  is  known,  as  also  the  latitude  of  the 
place. 

This  problem  is  solved  by  finding  the  value  of  the  horary 
angle  P,  in  the  same  "  astronomical  triangle  "  Z  P  S,  whose  ele- 
ments have  already  been  described.  In  this  case,  the  three  sides, 
viz.,  the  co-latitude,  the  zenith,  and  polar  distances,  are  given  to 
find  the  hour  angle  P,  which,  when  the  sun  is  the  object  observed, 
will  (as  was  explained  in  page  252)  be  the  apparent  time  from 
apparent  noon  at  the  place  of  observation  ;  and  it  is  converted  into 
mean  time  by  applying  to  it  the  equation  of  time  with  its  proper 
sign.  In  the  case  of  a  star,  it  will  denote  its  distance  in  time  from 
the  meridian,  which  being  added  to  its  right  ascension,  if  the 
observation  be  made  to  the  westward  of  the  meridian,  or  subtrac- 
ted from  the  right  ascension  (increased  by  24  hours  if  necessary)  if 
to  the  eastward,  will  give  the  sidereal  time,  to  be  converted  into 
mean  solar  time  if  required. 

*  Table  VII.     Bully's  Astronomical  Tables  and  Formula:. 
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The  more  accurate  system  is  to  obtain  the  time  from  two  sets  of 
observations  on  east  and  west  stars  ;  by  which  all  errors  instru- 
mental, personal,  or  due  to  refraction  are  obliterated  :  see  forms  at 
page  228. 

A  simple  formula  for  finding  the  angle  of  a  spherical  triangle 

sin  (J  S- c)  (sin  J  S-6) 

whose  three  sides  are  given  is  sin2  i-  P  =  — 

sin  c.  sin  0 

where  S  denotes  the  sum  of  the  three  sides  a,  b,  and  c ;  of  which  a 
is  assumed  as  the  one  opposite  the  required  angle.  In  the  present 
case  a  represents  the  co-altitude  or  zenith  distance  ;  b  the  co-decli- 
nation, or  polar  distance  ;  and  c  the  co-latitude. 

EXAMPLE. 

Observed  altitude  of  the  upper  limb  of  the  sun  on  May  4, 
1838.,  was  14°  44'  58"  at  5h  47al  15s  by  chronometer ;  latitude 
51°  23'  40"  ;  longitude  2m  21'58  east ;  index  error  of  sextant  28". 

Thermometer .         .     61°     -i       _,       .     ,    , 

I     Required  the  error  of  the  watch. 
Barometer       .         .    2\99     J 

Observed  altitude  Q     .         •  14°  ^  58" 

Index  error  .  -     0     0  28 


14  44  30 
Semidiameter  at  6'  7oh  0  15  5 2 "2 


Apparent  altitude  ©    .  14  28  37'8 

Correct,  refrac".  and  parallax       .—     03  2S'l 

True  altitude      .         .         .         .         14  25     97 

90     0     0 

Zenith  distance  (Z  S)      .         .     .         75  34  50'3 

Latitude 51°  23'  40 ' 

90     0     0 


Co-latitude  (P  Z)    ....         38  36  20 


O         '  // 

Declination 15  59  14  2 

90     0     0 


N  P  Distance  (P  S) 74     045-8 
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(a)    Z  S  =     75°  34'  50"-3 
(b)    PS  =     74     0  45  -8 
(c)     P  Z  =     38  36  20 

comp.     0;2048465 

9-9159620 
comp.     0-0171307 

9-5358540 

S      =   188  11  56  -1 
|  S      =     94     5  58 
c       =     38  36  20        sin.  ar. 

|S-c       =     55  29  38        sine 
b       =     74     0  45  -8  sin.  ar. 

JS-6      =     20     5  12  -2  sine 

sin.  JP.  43°  23'  8" 

.  2)19-6737932 

•5            9-8368966 

2 

*Hour  angle  P  =  86  46  16 

•2 

o       /•         // 
Equivalent  in  apparent  time  to              .         .               5  47     5'06 
Equation  of  time  at  time  of  observation     .         .         0     3  24  '4  6 

Mean  time    ..... 
Time  by  chronometer 

Chronometer  fast  .... 

.     .         5  43  40-60 
5  47  15 

03  3440 

Method  2nd. — From  equal  altitude  of  a  star  or  the  sun,  and 
the  interval  of  time  between  the  observations. 

If  a  star  is  the  object  observed,  it  is  evident  that  half  the  inter- 
val of  time  elapsed  between  its  returning  to  any  observed  altitude 
after  its  culmination,  will  give  the  moment  of  its  passing  the 
meridian  without  any  correction,  from  whence  the  error  of  the 
clock  or  chronometer  is  at  once  found.  But  with  regard  to  the 
sun,  there  is  a  correction  to  be  applied  to  this  half  interval, 


*  The  most  favourable  time  for  observing  single,  (or  absolute,)  altitudes  of  the  sun 
or  stars  to  obtain  the  local  time,  is  when  they  are  on  or  near  the  prime  vertical, 
since  their  motion  in  altitude  is  then  most  rapid,  and  a  slight  error  in  the  assumed 
latitude  is  not  of  so  much  consequence.  The  corrections  for  the  refraction,  however, 
are  then  often  considerable.  The  same  observation  will  of  course  give  the  azimuth  Z, 
and  also  the  variation  of  the  needle,  if  the  magnetic  bearing  of  the  star  or  of  either 
limb  of  the  sun,  is  taken  by  another  observer  at  the  same  moment  as  the  altitude. 
This  will  be  further  explained. 
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on  account  of  his  constant  change  of  declination.  From  mid- 
winter to  midsummer  the  sun  gradually  approaches  the  North 
Pole,  and  therefore  a  longer  period  will  intervene  after,  than 
before  noon, — between  the  sun's  descent  to  the  same  altitude  in 
the  evening  as  at  the  morning  observation :  and  the  reverse 
takes  place  from  midsummer  to  midwinter.  The  amount  of  this 
correction  depends  partly  upon  the  change  of  declination  (propor- 
tioned to  the  interval  of  time  on  the  day  of  observation) ;  and 
partly  upon  the  latitude  of  the  place. — The  difference  of  the  sun's 
horary  angles  at  the  morning  and  afternoon  observations  is  easily 
calculated  by  the  following  formula  of  Mr.  Baily's  : — 

x  =  +  A  8  tan  L  +  B  8  tan  D,  where 

T  =  the  interval  of  time  expressed  in  hours ; 
T 

A*  =  1440  sin.  7J-  T. 
T 

B*  =  1440  tan.  7|  T. 

L,      the  latitude  of  the  place,  minus  when  south  ; 

D,     the  declination  at  noon,  also  minus  when  south ; 

5  the  double  daily  variation  in  declination  in  seconds,  de- 
duced from  the  noon  of  the  preceding  day  to  that  of  the  following, 
minus  when  the  sun  is  proceeding  to  the  south  ;  and 

x  =  the  required  correction  in  seconds,  A  being  minus  when 
the  time  of  noon  is  required. 

The  result  is  of  course  apparent  noon,  to  which  must  be  applied 
the  equation  of  time,  in  order  to  compare  a  chronometer  with 
mean  noon. 

In  an  observatory,  or  wherever  a  transit  or  other  instrument  is 
fixed  in  the  plane  of  the  meridian,  the  easiest  and  most  accurate 
mode  of  obtaining  the  true  local  time  is  by  observing  the  transit 
of  the  sun  or  a  star  over  the  vertical  wires  of  the  telescope.  With 
the  sun,  the  mean  of  the  times  of  both  leading  and  following  limbs 
gives  the  transit  of  the  sun's  centre,  which  is  apparent  noon,  to 
which  the  equation  of  time  +  or  —  has  to  be  applied  to  obtain  the 
mean  time. 

When  the  transit  of  a  star  is  obtained,  the  sidereal  time  at  pre- 

*  The  logs  of  A  and  B  will  be  found  in  Table  14.  For  the  method  of  obtaining 
the  formula,  see  "Loomis,"  p.  129,  or  "Woodhouse,"  p.  791. 
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ceding  mean  noon  taken  from  the  Nautical  Almanac,  corrected  for 
longitude  (see  page  231)  is  to  be  subtracted  from  the  star's  E  A 
(to  which  24  hours  is  to  be  added,  should  this  latter  be  the  smaller 
quantity),  and  the  difference  is  the  interval  of  sidereal  time  after 
mean  noon,  which  interval  corrected  into  its  equivalent  of  mean 
time  gives  the  true  local  time.  For  an  example  of  the  method  of 
recording  these  transits,  see  the  form  pages  287  and  290. 

The  same  result  can  be  approximately  obtained  with  a  sextant 
by  noting  the  moment  when  the  upper  or  lower  limb  of  the  sun, 
or  a  star,  appears  to  cease  rising. — The  observation  must  be  com- 
menced before  the  time  of  the  object's  culmination,  and  the 
reflection  of  the  images  kept  in  contact  by  the  gradual  forward 
motion  of  the  tangent  screw  until  the  images  tend  to  overlap 
instead  of  receding. 

If  the  rate  only  of  a  chronometer  is  required,  it  can  be  obtained 
by  observing  the  transits  of  a  star  on  successive  days,  or  by  equal 
altitudes  of  the  same  star,  on  the  same  side  of  the  meridian,  on 
different  evenings ;  as  a  star  attains  the  same  altitude  after  each 
interval  of  a  sidereal  day,  which  is  3m  56'918  less  than  a  mean 
solar  day ;  but  if  the  refraction  is  not  alike  on  the  days  of  observa- 
tion, a  correction  will  be  required. 

By  reading  the  azimuths,  when  the  sun  or  a  star  has  equal  alti- 
tudes we  obtain  the  true  meridian  line,  which  will  be  again 
alluded  to.  Very  frequently  the  afternoon  altitude  cannot  be 
observed  on  account  of  intervening  clouds,  but  the  time  can  still 
be  calculated  from  the  observed  single  altitude,  as  in  the  last 
problem. 


PROBLEM  V. 

TO  DETERMINE  THE  LONGITUDE. 


The  usual  method  of  finding  the  longitude  at  sea  is  by  com- 
paring the  local  time,  found  by  observation,  with  that  shown  by  a 
chronometer  whose  error  and  rate  for  Greenwich  mean  time  are 
known.  The  accuracy  of  the  result  depends  of  course  upon  the 
chronometer  maintaining  a  strictly  equal  rate  under  all  circum- 
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stances,  which  cannot  always  be  relied  upon,*  and  various  methods 
have  been  resorted  to,  to  render  the  solution  of  this  most  import- 
ant problem  independent  of  such  uncertain  data,  or  at  all  events 
to  afford  frequent  and  certain  checks  upon  its  correctness.  Any 
celestial  phenomenon  which  should  be  visible  at  the  same  pre- 
dicted instant  of  time  in  different  parts  of  the  globe  would  of 
course  furnish  the  necessary  standard  of  comparison,  and  all  the 
methods  in  use  for  determining  the  longitude  are  based  upon  this 
foundation ;  but  they  are  not  generally  practicable  at  sea,  with  the 
exception  of  that  derived  from  the  observed  angular  distances 
between  the  moon  and  the  sun,  or  certain  stars,  which  are 
calculated  for  every  three  hours  of  Greenwich  time,  and  which 
lunar  distance  is  measured  with  a  sextant,  or  other  reflecting 
instrument. 

ARTIFICIAL  SIGNALS  have  been  resorted  to  as  a  means  of  ascer- 
taining the  difference  of  longitude,  with  considerable  success, 
between  places  not  separated  from  each  other  by  any  very 
considerable  distance.  In  the  Philosophical  Transactions  for  1826 
is  an  account  drawn  up  by  Sir  J.  Herschel  of  a  series  of  observations 
made  in  the  summer  of  1825,  for  the  purpose  of  connecting  the 
royal  observatories  of  Greenwich  and  Paris,  undertaken  by  the 
Board  of  Longitude,  in  conjunction  with  the  French  Minister  of 
War.  The  signals  were  made  by  the  explosion  of  small  portions 
of  gunpowder  t  fired  at  a  great  elevation  by  means  of  rockets,  from 
three  stations,  two  on  the  French,  and  one  on  the  English  side  of 
the  Channel ;  and  were  observed  at  Greenwich  and  Paris,  as  well 
as  at  two  intermediate  places,  Legnieres,  and  Fairlight-Downs 
near  Hastings.  The  difference  of  longitude  thus  obtained, 
9'  21 -6",  is  supposed  by  Sir  J.  Herschel  to  be  correct  within  one 
tenth  of  a  second,  and  the  observations  were  taken  with  such  care 
that  those  of  the  French  and  English  observers  at  the  intermediate 
stations  only  differed  one-hundredth  part  of  a  second. 

*  It  is  usual  to  have  several  chronometers  on  board,  and  to  take  the  mean  of  those 
most  to  be  depended  upon.  If  one  varies  considerably  from  the  others  it  is  rejected. 

t  Flashes  of  gunpowder  upon  a  metal  plate  are  visible  at  night  for  a  very  consider- 
able distance,  upwards  of  40  miles, — this  method  is  far  superior  to  firing  rockets, — 
the  quantity  may  be  from  4  to  16  drachms  or  more  for  moderate  distances,  and  a 
quarter  of  a  pound  for  long  ones. 

s  2 
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At  page  198  also,  of  Francceur's  "  Ge'ode'sie,"  is  a  description  of 
similar  operations  for  the  purpose  of  ascertaining  the  difference  of 
longitude  between  Paris  and  Strasbourg.  In  operations  of  this 
nature,  it  is  only  necessary  that  the  rates  of  the  chronometers  used 
should  be  uniform  for  the  short  period  of  time  occupied  by  the 
transmission  of  the  signals. 

Suppose  A  and  B  are  two  places,  whose  difference  of  longitude 
is  required,  and  that  they  are  too  far  distant  to  allow  of  one  signal 
being  seen  from  each  — 

Eatl  6*  S'*  S* 


C  and  D  are  taken  as  intermediate  stations,  and  the  first  signal 
made  at  S,  is  observed  from  A  and  C,  and  the  times  noted  ;  the 
second  signal  at  S',  is  observed  from  C  and  D,  some  fixed  number 
of  minutes  after  ;  and  then  that  at  S"  from  D  and  B.  Suppose 
these  two  intervals  to  have  been  five  minutes  each,  then  the 
difference  of  longitude  is  equal  to  the  difference  between  the  local 
time  at  A  +  ten  minutes,  and  that  observed  at  B  at  the  moment 
of  the  last  signal.  Everything  in  this  operation  depends  upon  the 
correct  observation  of  the  times,  which  should  be  kept  in  sidereal 
intervals,  or  reduced  to  such  if  observed  with  a  chronometer  regu- 
lated to  mean  time. 

TRANSPORTATION  OF  CHRONOMETERS.  —  When,  instead  of  the 
two  or  three  chronometers  generally  taken  on  board  every  ship,  a 
number  of  these  instruments,  whose  rates  and  errors  have  been 
previously  carefully  ascertained,  are  conveyed  from  one  meridian  to 
another,  the  comparison  of  the  mean  of  the  time  shown  by  the 
chronometers  with  the  local  time  at  each  place,  affords  the  means 
of  determining  with  considerable  accuracy  the  difference  of  their 
longitudes  ;  this  mode  is  much  practised  at  present  on  board 
surveying  vessels,*  for  measuring  the  respective  meridian  distances 
between  a  number  of  maritime  towns,  ports,  and  other  places  on 
the  sea-coast  of  distant  countries.  On  shore  the  difference  of 
longitude  between  two  stations  can  also  be  determined  with  pre- 
cision by  the  transmission  of  pocket  chronometers  between  them  ; 

*  On  board  H.M.S.  Beagle,  employed  as  a  surveying  vessel  principally  on  the 
coasts  of  Australia  and  Van  Diemen's  Land,  there  were  at  one  time  as  many  as 
twenty-one  first-rate  chronometers. 
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provided  the  errors  of  the  box  chronometers  or  clocks  at  these 
stations  on  sidereal  time,  and  their  rates,*  have  been  carefully 
ascertained  by  transit  observations.  Where  the  distance  is  not 
very  considerable,  the  operation  consists  simply  of  comparing 
several  pocket  chronometers  with  the  standard  instrument  at  one 
of  the  stations,  and  then  sending  them  f  with  the  greatest  care  to 
be  compared  with  the  clock  or  chronometer  at  the  other  station, 
to  be  returned  immediately  for  another  comparison  at  the  starting 
point;  which  process  of  transmission  should  be  repeated  several 
times. 

When  the  time  occupied  by  this  operation  is  considerable, 
more  than  four  or  five  days,  for  instance,  the  accuracy  of  the  result 
will  be  increased  by  stationing  a  careful  assistant  at  a  post 
midway  between  the  two  extreme  stations  with  a  box  chronometer 
with  which  the  transmitted  pocket  chronometers  are  to  be  com- 
pared. Mr.  Airy  recommends  commencing  from  this  central 
position,  sending  the  pocket  chronometers  (divided  into  two 
batches)  simultaneously  for  comparison  to  the  two  principal 
extreme  stations,  and  comparing  them  again  on  their  return,  at 
nearly  the  same  time,  at  the  intermediate  point ;  by  which  modi- 
fication, the  time  through  which  reliance  is  placed  upon  the 
pocket  chronometers  is  diminished  one-half,  and  very  little 
dependence  is  made  to  rest  upon  the  steadiness  of  the  performance 
of  the  box  chronometer  at  the  central  place  of  observation. 

This  method  of  obtaining  the  difference  of  longitudes  of  two 
distant  places  would,  it  is  imagined,  seldom  be  resorted  to  where 
the  distance  was  very  great,  and  where  an  intermediate  station 
was  found  necessary.  On  the  North  American  Boundary  Survey 
the  second  method  was  never  tried,  but  the  first  and  more  simple 
process  of  direct  transmission  and  comparison  between  the  two 
stations  was  constantly  practised  with  great  success.  One 
example  has  been  selected  from  Major  Kobinson's  jeport,  calcu- 
lated according  to  the  directions  drawn  up  by  Mr.  Airy,  each  of 
the  three  comparisons  recorded  being  the  mean  of  six  observations. 

*  Pocket  chronometers  generally  have  a  different  rate  when  transported  from  place 
to  place,  either  by  land  or  by  sea,  from  that  which  they  maintain  in  an  observatory. 

f  This  should  be  done  directly  after  the  error  of  the  standard  chronometer  has 
been  tested  by  observations  with  the  transit  instrument. 


262 


PKOBLEMS. 


CO 

to  o>  o 
J—  1 

S     *33 

s§s 

CO             •  CO  O 
ft  CM  CM 

? 
1 

««o 

CO             •  CO  CM 

t/3 

t-t 
I 

n 

1 

1 

|  .       .         |  ^ 

£ 

| 

I;       '         ll 

I  I 


-a     2§     § 

I  ej  I 
H  -go  « 


. 

-*• 


o 


^    §  a 

•s  II 

S    °J3 

*  12 
•3  a 

2  o 
^  o 
QQ  PH 


^r        wj  VAJ 

6  r^ 


03    §3 
§  "® 


^O 

^^ 

II 
02  PH 


§ 


-86 


si 


°O  CO  00         00 


OO  (M     I    O 

,r5    ? 

CO  CO      I    OS 

»o 

sS^ 

w  *°0 


j  o 


rf«00 


s 

O  03          OO 


^    s 


14 

1  f 

o     « 


oo  oo 
<M  5q 


CO  qj 

OS  CO 


00  10  05 

^  rH  00  op 

=°  £0  ^  <^ 

"^  CM 


W  <N  O  O 


r- 

& 


'       Q  g 

i  ^n  M  ^ 


OS  OS 
**-< 
O 


SCO 


f 


rf" 

'Sc 


{q  <M  C<J 


I 


PROBLEMS.  263 

IN  COMPARING  CHRONOMETERS  two  persons  are  generally  em- 
ployed, one  of  whom  watches  the  seconds  hand  of  one  instrument 
until  it  arrives  at  some  convenient  division,  such  as  the  commence- 
ment of  a  minute,  or  one  of  the  ten  seconds,  when  he  gives  the 
signal  to  "  stop "  to  the  other,  whose  attention  has  been  mean- 
while fixed  upon  the  seconds  hand  of  the  other,  chronometer. 
Where  one  person  alone  makes  the  comparison,  his  only  plan  is, 
to  register  the  seconds,  and  then  the  minutes  and  hour  of  one 
instrument,  commencing  to  count  the  beats  1,  2,  3,  &c.,  from  the 
moment  selected  by  him  (whilst  he  is  writing  down  the  time 
observed),  and  then  to  transfer  his  eye  to  the  other  chronometer, 
continuing  to  count  the  beats  until  he  observes  its  second  hand 
opposite  some  marked  number  of  seconds,  when  he  stops ;  writing 
down  first  the  number  of  beats  counted,  and  then  the  seconds, 
minutes,  and  hour  of  the  second  chronometer ;  the  number  of 
beats  is  of  course  to  be  subtracted  from  this  for  the  comparison 
of  the  time  shown  by  the  first  instrument. 

When  a  chronometer  adjusted  to  mean  solar  time  is  to  be  com- 
pared with  one  going  sidereal  time,  or  with  a  sidereal  clock,  the 
only  correct  method  with  one  observer  is  by  the  coincidence  of 
their  beats  in  the  manner  described  by  Mr.  Airy. 

When  the  chronometer  going  mean  solar  time  has  a  half-second 
beat,  and  the  other  instrument  or  the  clock  a  second's  beat,  they 
will  appear  at  the  end  of  every  second  to  beat  (after  some  little 
time)  almost  simultaneously.  Select  one  that  appears  perfectly 
coincident,  and  commence  counting  the  beats  1,  2,  3,  &c.,  of  the 
clock  or  sidereal  chronometer,  writing  down  at  the  same  time  the 
seconds,  minutes,  and  hour  of  the  solar  one  ;  then  turn  your  eye 
to  the  seconds  hand  of  the  clock  or  other  chronometer,  continuing 
counting  till  the  seconds  hand  is  at  some  conspicuous  place,  and 
then  stop.  Write  down  first  the  number  of  seconds  you  have 
counted  ;  then  the  seconds  on  the  clock  face  at  which  you  stopped ; 
and  lastly,  the  minutes  and  hour  ;  then  the  comparison  will  stand 
thus  ; — the  time  observed  by  the  first  chronometer=time  observed 
by  the  second  (or  the  clock  as  it  may  be),  minus  the  number  of 
beats  counted. 

When  the  solar  time  chronometer  and  the  sidereal  have  both 
half-second  beats,  the  process  is  the  same,  counting  every  alternate 
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beat  of  the  sidereal  instrument.  With  a  chronometer  going  mean 
solar  time,  and  having  a  beat  of  five  times  in  two  seconds  (a  very 
common  one,  particularly  in  pocket  chronometers),  the  beats  will 
only  coincide  with  the  divisions  upon  the  dial  every  alternate 
second,  each  beat  being  equivalent  to  03'4 ;  the  process  of  com- 
parison is  however  much  the  same  as  that  already  detailed,  but  it 
will  be  facilitated  by  marking  distinctly  with  ink  upon  the  face  of 
the  chronometer  every  other  second,  unless  this  has  been  originally 
so  divided  as  to  render  the  precaution  unnecessary. 

The  following  example  shows  the  method  of  deducing  the  error 
of  a  chronometer  going  mean  solar  time,  by  comparison  with  a 
sidereal  clock  whose  rate  and  error  are  known  by  transit  ob- 
servations. 

E.  E.  Observatory,  Jan.  24,  1849. 

Clock's  error 44S>41  slow. 

Rate 0-43  losing. 

H.    M.    s. 

20  11  46'90  Sidereal  time.     Greenwich  mean  noon. 
0     0     0'35  Correction  for  longitude  2"'  9s  east. 

20  11  46"55  Sidereal  time  at  mean  noon  at  place  of  observation. 
17  13     0        Clock  at  time  of  comparison. 

2  58  46-55 


Equivalents  in  mean  solar  time  for  above  difference. 


1  59  40-34 
0  57  50-49 
0     0  45-87 
0     0     0-54 

2  58  17"24  Mean  interval  from  noon  by  clock. 
12     0     0 


9     1  42-76  Mean  time  A.M.  by  clock. 
905       Time  by  chronometer. 


0     1  3776  Chronometer  slow  (relatively). 
0     0  44-41  Clock  slow. 


0     2  22-17  Error  of  chronometer,  slow. 
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THE  ELECTRIC  TELEGRAPH  enables  signals  to  be  transmitted 
over  1000  miles  or  more  with  hardly  any  appreciable  loss  of  time. 
Many  observations  have  been  made  by  means  of  it  on  the  United 
States  Coast  Survey  (see  Loomis'  Practical  Astronomy).  The 
signal  is  given  at  either  station  by  pressing  a  key,  as  in  the  usual 
mode  of  telegraphing,  and  the  observer  at  the  other  station  hears  the 
click  caused  by  the  motion  of  the  armature  of  his  electro-magnet. 

Four  different  methods  of  comparison  have  been  practised  on 
the  United  States  Coast  Survey. 

1st,  By  striking  on  the  signal  key  at  intervals  of  ten 
seconds,  records  being  made  of  the  time  of  sending  and  receipt 
of  each  signal.  Twenty  signals  one  way  and  a  similar  number 
returned. 

The  party  giving  the  signals  strikes  his  key  in  coincidence  with 
the  beats  of  his  clock,  but  at  the  other  station  the  click  will  not 
probably  be  heard  in  coincidence,  and  the  fraction  of  a  second  has 
to  be  estimated. 

2nd,  To  remedy  this  evil  the  following  method  is  pursued  : — A 
mean  solar  clock  at  one  station,  a  sidereal  clock  at  the  other  :  each 
party  beats  seconds  by  his  clock,  the  coincidences  being  noted  and 
recorded  at  the  other  station. 

Third  method  by  telegraphing  transits  of  stars,  observations 
being  made  at  each  station :  the  chief  objection  of  this  method 
also  is,  that  it  involves  the  estimation  of  fractions  of  seconds. 

Fourth  method  obviates  this  evil  by  printing  the  signals  upon  a 
cylinder  or  a  fillet  of  paper. 

THE  ECLIPSES  OF  JUPITER'S  SATELLITES  are  phenomena  of  very 
frequent  occurrence,  the  precise  instants  of  which  can  be  calcu- 
lated with  certainty  for  Greenwich  time  ;*  but  a  telescope  mag- 
nifying at  least  forty  times  is  required  for  their  observation  ;  and 

*  The  time  occupied  by  light  in  travelling  from  the  sun  to  the  earth  is  also  ascer- 
tained by  means  of  the  eclipses  of  Jupiter's  satellites. 

The  difference  of  distance  the  light  has  to  travel  from  Jupiter  to  the  earth,  on  the 
occasion  of  an  eclipse  of  one  of  the  satellites,  happening  when  they  are  in  opposition 
or  in  conjunction,  is  evidently  the  major  axis  of  the  earth's  orbit.  This  distance  has 
been  ascertained  to  be  16m  26S>4,  which  gives  8m  13s '2  for  the  time  occupied  by  light 
in  passing  from  the  sun  to  the  earth. 

The  distance  of  the  sun  from  the  earth  was  determined  by  means  of  the  transit  of 
Venus  over  the  sun's  disc. 
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those  of  different  powers  are  found  to  give  such  different  results 
as  to  the  moment  of  immersion  or  emersion,  that  the  method  is 
not  susceptible  of  the  accuracy  it  would  appear  to  promise,  and  is 
moreover  almost  impracticable  at  sea.  In  determining  the 
longitude  by  this  method,  the  local  time  must  be  found  by 
observations  of  one  or  more  fixed  stars,  unless  it  is  known  from  a 
chronometer  whose  error  and  rate  has  been  previously  ascer- 
tained. 

THE  ECLIPSES  OF  THE  SUN  AND  MOON  also  enable  us  to  deter- 
mine the  longitude  ;  the  former  with  considerable  accuracy ;  but 
their  rare  occurrence  renders  them  of  little  or  no  practical  benefit, 
and  the  results  obtained  by  the  eclipses  of  the  moon  are  generally 
unsatisfactory,  owing  to  the  indistinct  outline  of  the  shadow  of  the 
earth's  border. 

THE  THREE  METHODS  upon  which  the  most  dependence  can  be 
placed  are — 1st,  by  a  "  lunar  observation"  which,  as  before  stated, 
possesses  the  great  advantage  of  being  easily  taken  at  sea  ;  2ndly, 
by  the  meridional  transits  of  the  moon,  compared  with  those  of 
certain  stars  previously  agreed  on,  which  are  given  in  the  Nautical 
Almanac  under  the  head  of  "Moon  Culminating  Stars;  and 
Srdly,  by  occultations  of  the  fixed  stars  by  the  moon. — The  two 
latter  methods  are  the  most  accurate  of  any,  but  the  first  of  them 
requires  the  use  of  a  transit  instrument,  and  the  latter  a  good 
telescope  ;  both  involve  also  long  and  intricate  calculations,  which 
will  be  found  fully  detailed  in  the  works  of  Dr.  Pearson,  and  in 
Chapter  XXXVII.  of  Woodhouse's  Astronomy.  The  methods 
given  in  the  following  pages  considerably  shorten  the  labour  of 
the  more  accurate  computations,  and  are  the  same  as  those  in 
Mr.  Riddle's  "  Navigation." 

Method  1st. — By  a  Lunar  Observation. 

This  method  is  found  very  useful  and  necessary  at  sea  as  a 
check,  and  even  on  land  in  extreme  cases,  where  all  other  means 
of  connecting  the  points  by  triangulation,  &c.,  are  lost ;  but  as  the 
results  often  vary  to  the  amount  of  several  (4  or  5  or  more)  miles 
on  the  earth's  surface,  they  are  clearly  unsuited  to  any  work  where 
accuracy  is  an  object. 
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The  observations  for  this  method  of  ascertaining  the  longitude 
of  any  place  can  be  taken  by  one  individual ;  but  as  there  are 
three  elements  required  as  data,  which,  if  not  obtained  simul- 
taneously, must  be  reduced  to  what  they  would  have  been  if  taken 
at  the  same  moment  of  time,  it  is  better,  if  possible,  to  have  that 
number  of  observers. 

The  lunar  distance,  which  is  of  the  first  importance,  is  measured 
by  bringing  the  enlightened  edge  of  the  moon  and  the  star,  or  the 
edge  of  the  moon  and  either  limb  of  the  sun,  in  perfect  contact. 
The  other  observations  required  are,  the  altitudes  of  the  moon, 
and  that  of  the  other  object,  whether  it  be  the  sun,  a  fixed  star,  or 
a  planet* ;  and  as  these  are  only  taken  for  the  purpose  of  correcting 
the  angular  distance,  by  clearing  it  from  the  effects  of  parallax 
and  refraction,  they  do  not  require  the  same  accuracy,  or  an  equal 
degree  of  dexterity  in  observing.  When  the  observations  are 
made  consecutively  by  one  person,  the  two  altitudes  are  first  taken 
(noticing  of  course  the  times)  ;  then  the  distance  from  the  star  to 
the  moon's  limb  repeated  any  number  of  times,  and  as  rapidly  as 
is  consistent  with  accuracy,  from  whence  a  mean  of  all  the  dis- 
tances is  deduced,  assuming  it  to  correspond  with  the  mean  of  all 
the  times  taken  by  the  chronometer  at  each  observation  ;  and 
afterwards  the  altitudes  again  in  reverse  order,  which  altitudes 
are  to  be  reduced  to  the  same  time  as  that  of  the  mean  of  the 
lunar  distances. 

It  being  of  great  moment  to  simplify  and  render  easy  the 
solution  of  this  problem  which  is  of  the  most  vital  importance  at 
sea,  a  number  of  celebrated  practical  astronomers  have  turned 
their  attention  to  the  subject,  and  tables  for  "  clearing  the  lunar 
distance "  are  to  be  found  in  all  works  on  Nautical  Astronomy,  by 
the  use  of  which  the  operation  is  undoubtedly  very  much 
shortened!;  but  as  none  of  these  methods  show  the  steps  by 
which  this  object  is  attained,  the  example  given  below  is  worked 
out  by  spherical  trigonometry,  and  the  process  will  be  rendered 
perfectly  easy  and  intelligible  by  the  following  description  : — 


*  These  altitudes,  if  not  observed,  can  be  calculated  when  the  latitude  is  known  ; 
by  which  method  more  accurate  results  are  obtained. 

f  Dr.  Pearson  enumerates  no  less  than  twenty-four  astronomers  who  have  published 
different  methods  of  facilitating  the  "  Clearing  the  Lunar  Distance." 
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In  the  accompanying  figure,  Z  represents  the  zenith,  P  the  pole, 
M  the  observed  place  of  the  moon,  and  S  that  of  the  sun  or  star. 
The  data  given  are  M  S,  the  measured  angular  distance ;  and 
Z  M  and  Z  S  the  two  zenith  distances  (or  co-altitudes)  from 
whence  the  angle  M  Z  S  is  found,  the  value  of  which  is  evidently 


not  affected  by  refraction  or  parallax,  which,  acting  in  vertical 
lines,  cause  the  true  place  of  the  moon  to  be  elevated  above  its 
apparent  place  (the  parallax,  from  her  vicinity  to  the  earth,  being 
a  greater  quantity  than  the  correction  for  refraction),  and  that  of 
the  sun  or  star,  to  be  depressed  below  its  apparent  place.  Let  M' 
and  S'  represent  the  corrected  places  of  these  bodies,  and  we  have 
then  Z  M'  and  Z  S' — the  zenith  distances  corrected  for  refraction 
and  parallax — and  the  angle  M  Z  S — before  found,  to  find  the  true 
lunar  distance  M'S'  in  the  triangle  ZM'S'.  The  apparent  time 
represented  by  the  angle  Z  P  S  may  be  found  in  the  triangle  Z  P  S, 
having  S  Z,  P  S,  and  Z  P  the  co-latitude,  if  the  exact  error  of  the 
chronometer  at  the  moment  is  not  already  known  ;  and  this  time, 
compared  with  the  Greenwich  time  at  which  the  lunar  distance  is 
found  from  the  Nautical  Almanac  to  be  the  same,  gives  the 
difference  of  longitude  east  or  west  of  the  meridian  of  that 
place.  The  example  below  will  show  all  the  steps  of  the 
operation. 
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On  May  4,  1838,  at  10h  41™  45S>8  by  chronometer,  the  following 
observations  were  taken  in  latitude  51°  23''40  north,  to  find  the 
longitude ;  the  chronometer  having  been  previously  ascertained 
the  same  evening  to  be  3m  34s  too  fast. 

Double  altitude —  D  74°  42'  35",  taken  with  a  sextant ;  index 
error—  22". 

Altitude  Spica  Virginis  28°  15'  50" — with  alt.  and  az.  inst.  ; 
index  error — 28". 

Distance  D  — ^  31°  25'  55" — with  repeating  circle. 

Barometer  standing  at  29"'9,  and  thermometer  at  61°. 


Double  altitude— 74  42  35 

Index  error  sextant  0     0  22 


2)  74  42  13 

37  21     6.5 
Semidiameter  0  14  53'8 


Apparent  altitude  D 37     6  127 

90     0     0 


M  apparent  zenith  distance     .         .         .         .         5253  47'3 


Altitude  Spica  Virginis          .         ,         .         .     .         28  15  50 
Index  error  0     0  28 


Apparent  altitude  28  15  22 

90     0     0 


Z  S,  apparent  zenith  distance     .         .         .         .         61  44  38 


Observed  distance  * — D 31  25  55 

Moon's  semidiam.— 10h  7m— 14'  45"'31  ) 
Augmentation  for  37°  6'       .          8'  49  ) 

M  S,  apparent  lunar  distance      .  31  11     1-2 
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1st — Then  in  the  triangle  Z  M  S  we  have  the  three  sides  to  find 
the  angle  MZ  S  (by  formula  p.  218). 


(a)  M  S  =     31  11     1-2 

(6)   ZS  =     61  44  38-    ar.  comp.  sin.  0'0551028 

(c)   ZM=     52  53  47'3  ar.  comp.  sin.  0'0982439 


S  =   145  49  26-5 


JS          72  54  43-25 

&S-&)=     11  10     5-25  sin.  9'2871039 

(j-S-c)=     20     0  55-95  sin.  9*5343750 

Siri.2JZ  =  2)18-974825.6 

Sin.  i  Z         (17  53  25)      =  9'4874128 


Angle  MZS  35  46  50 

Then  to  correct  the  zenith  distances  for  refraction  and  parallax  :  — 

o     /         v 

Apparent  zenith  distance  ZM=         .  .         52  53  47'3 

Refraction         .  .  .  +1  14*1 


52  55     1-4 

Parallax  0  43     7'4 


Z  M',  Corrected  zenith  distance          .         .         .     .         52  11  54' 

Z  S,  Spica  Virginis  apparent  zenith  distance  . 
Refraction          . 


Z  S',  Corrected  zenith  distance  61  46  23 


PROBLEMS.  271 

Then  in  the  triangle  Z  M'  S',  we  have 

ZM'  =  52  11  54)  to   find  M,  g,  the  corrected    lunar 
ZS'=614623 
and  angle  Z  =  35  46  50  ) 


tan  a    =     cos  Z  X  tan  Z  M7 

a"  =          ZS'-a'  1  Bai¥s  formula, 


-;  „   ' 

cos  M/S/=  cosine  Z  M'  x  ' 


cos  a          | 


cos  a'        J     included  angle, 
cos      35  46  50  9'9091613 

tan     52  11  54  01102916 

a'  =   46  16  58  tan.     Q-Q194529 
Z  S'  =   61  46  23 


(ZS'-a')  =J-5_29_25  --=  a" 

o       /          // 

cos  Z  M'    52  11  54  97874110 

cos  a"         15  29  25  9*9839310 

cos  a          46  16  58     ar.  com.     01604593 
cosM'S'     31  16  34  9"9318013 

The  corrected  lunar  distance. 

By  the  Nautical  Almanac,  it  appears  that  the  Greenwich  mean 
time  answering  to  this  distance,  must  be  between  9  P.M.  and  mid- 
night  the  difference  of  distance  answering  to  this  interval  of  3 

hours,  being        .  1°  28r  52"     Prop.  log.  3065* 

Lunar  dist.  at  9  P.M.  Greenwich       32     355 
Corrected  distance  found  above       31  16  34 

47  21       Prop.    Log.   5800 


h.     m.     s. 
Interval  of  time  past  9  P.M.      .         1  35  54       —     2735 

900 

Greenwich  mean  time          .     .       10  35  54 
Mean  time  at  place  of  observation     10  38  11*8 
Longitude  east    ....     0     2  17'8 

Or  in  space     •         .         .         .     .    0°  34'  27X/ 

*  The  interval  of  time  past  9  P.M.  might  of  course  have  been  found  by  a  common 
proportion,  without  the  aid  of  prop,  logarithms.  See  the  "  Explanation"  at  end  of 
Nautical  Almanac,  with  regard  to  the  proportional  logarithms. 
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The  difference  between  the  prop.  log.  at  9  P.M.  and  midnight 
being  0,  the  correction  of  2nd  differences  is  nothing. 

Mr.  Baily's  formula  for  a  lunar  observation  for  longitude  is  as 
follows  :  — 

M'S'  =  x  the  true  lunar  distance  required, 

* 

H  the  apparent  )    ,,  .  ,    ,      „  ,  , 

}  altitude  of  the  moon, 
and  H  the  true  ) 

h  apparent    (   ,  .  e 

1  altitudes  of  sun  or  star, 
h  true  ( 

M  S  =  A  the  apparent  distance. 

Let  )8  =  J  (A  +  H  +  ft) 

/  x  cos  H'  cos  h  \4 

(  cos  ft  cos(/3  -  A)  --  r  )2 

\  '  cos  H  cos  hj 

and  sin  a  =  — 


cos  1  (H'  +  h') 
then  sin  |  x  =  cos  j-  (W  -f  Ji)  cos  a. 

(For  a  similar  formula  worked  out  see  Vol.  III.,  p.  574,   Mathe- 
matical Course,  R.  M.A.) 

The  following  example  will  also  show  the  method  of  working 
out  a  lunar  observation,  by  Dr.  Young's  formula,  all  the  terms  of 
which  are  cosines  :  — 

o  /          // 

Given  apparent  altitude  S  K  =    .         .         .         .  7  48     1 

D  MH=    .        .         .     .  35  45     4 

O    D  MS=.        ...  95  50  53 

True  altitude  9  S'K        .        .        .     .  7  41  31 

D  M'H   .....  36  27  54 

O  '  // 

SZ=     .         .        .         .         82  11  59 

MZ    .....         54  14  56 

S'Z         ....         82  18  29 

M'Z   .....         53  32  6 
Required  M'S'  the  true  distance. 
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By  Dr.  Young's  formula, 


i  2  cos  4  (MH  +  SK  +  MS)  cos  $  (MH  +  SK  -  MS)  cos  M'H  cos  S'K  , 
- 


-  cos  (M'H  +  S'K). 


cos  MH  cos  SK 

MS  =  95  50  53 

M  H  =  35  45     4  ar.  comp.  cos  0'090678 
S  K  =    7  48     1  ar.  comp.  cos  0'004037 

2)  139  23  58 


J  Sum  69  41  59 

cos 

9-540254 

i 

(MH  +  SK-MS)  26  8  54 

COS 

9-953110 

M'H  36  27  54 

COS 

9-905375 

S'K   7  41  31 

COS 

9-996074 

9-489528 

Log.  2 

. 

0-301030 

36  27  54 
7  41  31 
M'H  +  S'K  =  44     9  25  nat.  cosin 


9790550 
nat.  cosine  =  0'617387 


0-717434 


0-100047 


nat.  cos.  M'S'  95°  44'  31"         .         .     . 
the  true  lunar  distance. 

The  same  example,  by  Mr.  Riddle's  first  method,  which  will  be 
found  ;n  his  "  Navigation,"  gives  95°  44'  29 "  for  the  corrected 
lunar  distance. 

By  Mrs.  Taylor's  method,  which  requires  the  use  of  her 
"  Tables,"  the  true  distance  is  obtained  as  follows : — 

Table  1          .         .         O    1-3873         .         .          D      '7533 

Table  2  -  0'5077  -   1'4997 


Table  3 

,,4. 

„      5      . 
Total  corrections 
Appt.  distance 
True  distance 


-  1-8950 

-   7'  25" 

-  3  15 

-f    4  22 

-  0  2 


-  2-2530 


-  6 
95  50 
95  44 


20 
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The  apparent  altitudes  and  distance  are  first  obtained  from 
those  observed,  by  correcting  them  for  semidiameter  and  dip  if 
necessary.  Then  in  Table  I.  find  the  log  of  the  corrections  for 
the  altitudes  on  account  of  the  moon's  parallax. 

From  Table  II.  take  the  logs  of  the  effect  of  the  moon's 
horizontal  parallax  upon  the  distance. 

Table  III.  gives  the  minutes  and  seconds  answering  to  these 
logarithms. 

From  Table  IV.,  find  the  effect  of  the  refractions  of  both  objects 
on  the  observed  distance. 

And  from  Table  V.,  if  the  sun  is  one  of  the  objects  observed, 
the  effect  of  his  parallax. 

These  corrections,  applied,  with  their  proper  signs,  to  the 
apparent  distance,  give  the  true  distance  as  above.  Mr.  Airy 
makes  the  following  remarks  upon  the  effect  of  errors  of  ^)bserva- 
tion  in  taking  lunar  distances  and  lunar  transits.  A  certain  error 
of  time  produces  that  same  error  in  the  deduced  longitude ;  and 
an  error  in  the  'measure  of  one  second  produces  about  two  seconds 
of  time  in  the  longitude. 

An  error  of  one  second  of  time  in  a  lunar  transit  produces  about 
30  seconds  error  in  the  longitude. 

An  error  of  one  second  of  time  in  a  lunar  zenith  distance  will 
produce  at  least  30  seconds  of  time  error  in  longitude — sometimes 
considerably  more.  An  error  of  one  second  in  zenith  distances 
produces  at  least  two  seconds  of  time  in  longitude.  An  error  of 
one  second  of  time  in  an  occultation  produces  one  second  of  time 
in  the  longitude. 

The  same  with  eclipses  of  Jupiter's  satellites. 

Other  Methods. 

Instead  of  measuring  the  distance  between  the  moon  and  a  star, 
for  a  comparison  with  the  time  at  which  the  same  distance  is  ob- 
tained by  calculation  for  the  meridian  at  Greenwich  ;  altitudes  may 
be  taken  simultaneously  of  the  moon  and  a  star,  from  the  latter  of 
which,  its  right  ascension  and  declination  being  accurately  known, 
the  right  ascension  of  the  meridian  can  be  computed.  This  right 
ascension  applied  to  the  moon's  distance  from  the  meridian  (the 
angle  B  in  the  astronomical  triangle)  gives  the  right  ascension  of 
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the  moon,  to  be  compared  with  the  time  at  Greenwich  at  which  it 
is  identical,  for  the  difference  of  longitudes. 

A  method,  applicable  particularly  to  low  latitudes,*  is  to  select, 
when  the  moon  is  on  or  near  the  prime  vertical,  any  star  whose 
right  ascension  and  declination  are  known  ;  it  being  at  the  time 
within  8°  or  10°  of  the  zenith. 

Take  the  distance  between  this  star  and  the  moon ;  also  the 
moon's  altitude,  and  apply  the  moon's  correction  in  altitude  with  a 
contrary  sign  as  the  correction  in  distance ;  then  with  the  cor- 
rected distance  as  a  base,  and  the  co-declinations  as  containing 
sides,  the  difference  of  right  ascension,  and  consequently  the 
moon's  right  ascension,  and  Greenwich  time,  are  found. 

If  a  star  answering  to  the  above  conditions  is  not  available, 
select  any  star  having  the  same  or  nearly  the  same  azimuth  as 
the  moon,  and  not  less  than  30°  or  40°  distant ;  the  sum  or 
difference  of  the  corrections  in  altitude  would  then  evidently  be 
the  correction  in  distance.  If  the  star  happened  to  be  one  of  those 
given  in  the  lunar  distance,  the  Greenwich  time  is  at  once  found  ; 
if  not,  with  the  corrected  distance  as  a  base,  the  problem  is  worked 
out  as  before. 

The  objection  to  both  these  methods  is,  that  the  moon's  declina- 
tion is  required  to  be  known  accurately  as  an  important  part  of 
the  data,  to  compute  which,  it  is  necessary  to  know  the  longitude 
correctly  (the  very  thing  sought),  except  in  cases  where  the  moon's 
declination  on  either  side  of  the  equinoctial  is  nearly  a  maximum, 
and  consequently  for  some  time  comparatively  stationary.  Under 
these  circumstances  a  good  result  may  be  expected  from  the  last 
method  when  the  moon  is  on,  or  nearly  on,  the  prime  vertical. 

BY   THE   METHOD   OF   MOON-CULMINATING   STARS. 

The  proper  motion  of  the  moon  causing  a  difference  in  the 

interval  of  time  between  her  transit,   and  that  of  any  star,  over 

different   meridians,  affords  another  method   of  determining  the 

longitude,  t     The  times  of  transit  (or  apparent  right  ascension)  of 

*  Obtained  from  Mr.  E.  K.  Horn. 

t  The  time  of  the  moon's  transit  compared  with  that  observed  at,  or  calculated  for, 
another  meridian  would  be  sufficient  data  for  ascertaining  differences  of  longitude  ; 
but  by  making  a  fixed  star  the  point  of  comparison,  we  obviate  any  error  in  the 
position  of  the  instrument,  and  also  of  the  clock. 

T  2 
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the  moon's  enlightened  edge,  and  that  of  certain  stars  varying  but 
little  from  her  in  declination,  are  calculated  for  Greenwich  mean 
time,  and  given  among  the  last  tables  in  the  Nautical  Almanac. 
The  transits  of  the  moon's  limb,  and  of  one  or  more  of  these 
stars,  are  observed  at  the  place  whose  longitude  is  required,  and 
from  the  comparison  of  the  differences  of  the  intervals  of  time 
results  a  most  easy  and  accurate  determination  of  the  difference 
of  meridians;*  of  which  the  following  example  is  sufficiently 
explanatory. 

EXAMPLE. 

At  Chatham,  March  9,  1838,  the  transit  of  a  Leonis  was  ob- 
served by  chronometer  at  10h  52m  46s,  and  of  the  moon's  bright 
limb,  at  10h  20m  7s ;  the  gaining  rate  of  chronometer  being  ls>5. 

Eastern  Meridian  Chatham — observed  transits, 

h        m      s 

a  Leonis  ....  10  52  46 

D|  11  20     7'5 


0  27  21-5 
On  account  of  rate  of  chronometer  .   —  0     0     0'03 


Observed  interval  corrected         .         .         .         .         0  27  25 '47 
Equivalent  in  sidereal  time 27  25 '9 6 

Western  Meridian  Greenwich — apparent  right  ascensions. 

h      m      s 

a  Leonis  .  9  59  4g-i8 

J)|        .        .        .        .  10  27  1676 


0  27  30-58 
Observed  transits  .  0  27  25 '9 6 


Difference  of  sidereal  time  between  the  intervals  0     0     4'62 

Due  to  change  in  time  of  moon's  semidiameter 
passing  the  meridian        .  +    0     0     O'Ol 


Difference  in  D  's  right  ascension        .         .  0     0     4*63 

*  For  a  more  rigid  method  of  computing  the  difference  of  meridians  by  lunar 
transits,  see  Daily's  Formulae  and  Problems,  pp.  "239  to  247. 
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The  variation  of  D's  right  ascension  in  one  hour  of  terrestrial 
longitude  is,  by  the  Nautical  Almanac,  11277  seconds.  Therefore 
as  1127T*  :  lh  :  :  4'63S  :  147'80  =  2'  27"'8,  the  difference  of 
longitude. 

But  when  the  difference  of  longitude  is  considerable,  instead  of 
using  the  figures  given  in  the  list  of  moon-culminating  stars  for 
the  variation  of  the  moon's  right  ascension  in  one  hour  of  longi- 
tude, the  right  ascension  of  her  centre  at  the  time  of  observation 
should  be  found,  by  adding  to,  or  subtracting  from,  the  right 
ascension  of  her  bright  limb  at  the  time  of  Greenwich  transit,  the 
observed  change  of  interval,  and  the  sidereal  time  in  which  her 
semidiameter  passes  the  meridian.  The  Greenwich  mean  time 
corresponding  to  such  right  ascension  being  then  taken  from  the 
Nautical  Almanac,  and  converted  into  sidereal  time,  will  give, 
by  its  difference  from  the  observed  right  ascension,  the  difference 
of  longitude  required.  For  instance,  in  the  above  example  : — 

h      in        & 

((  Right  ascension  at  Greenwich  transit     .         .         10  27  1676 
Sidereal  time  of  semidiameter  passing  meri- 
dian of  place         .  ..+      01     2-26 

D  Right  ascension  at  Greenwich  transit    .         .         10  28  19 '02 
Observed  difference  0     0     4'62 


D  Right   ascension   at  the  time,  and  sidereal 

time  at  the  place  of  observation         .         .         10  28 
Greenwich  mean  time  correspond-  \    h     m    s 
ing  to  the  above  right  ascension.  >11  17  0*5 
Page  7,  Nautical  Almanac. 

Or  sidereal  time  at  Greenwich         10  25  46'5 


Difference  of  longitude        .     .  02  27'9 


BY  OCCULTATIONS  OF  FIXED  STARS  BY  THE  MOON. 

The  rigidly  accurate  mode  of  finding  the  longitude  from  the 
occupation  of  a  fixed  star  by  the  moon,  involves  a  long  and 
intricate  calculation,  an  example  of  which  will  be  found  in  the 
37th  chapter  of  Woodhouse's  "  Astronomy  :  "  and  the  different 
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methods  of  calculating  occupations  are  analysed  at  length  by 
Dr.  Pearson  in  his  "  Practical  Astronomy,"  commencing  at  page 
600,  vol.  ii. 

The  following  rule,  however,  taken  from  Riddle's  "  Navigation," 
will  give  the  longitude  very  nearly,  without  entering  into  so  long  a 
computation  :  — 

Find  the  Greenwich  mean  time  from  knowing  the  local  time  and 
the  approximate  longitude,  and  for  that  time  take,  with  the 
greatest  exactness,  from  the  Nautical  Almanac  the  sun's  right 
ascension,  and  the  moon's  polar  distance,  semidiameter,  and 
parallax,  applying  all  corrections. 

To  the  apparent  time,  add  the  sun's  right  ascension,  and  the 
difference  between  this  sum,  and  the  star's  right  ascension,  will  be 
the  meridian  distance  of  the  latter.  Call  this  distance  P;  the  star's 
polar  distance  £>;  its  right  ascension  R  ;  the  reduced  co-latitude  I; 
the  moon's  polar  distance  m  ;  her  reduced  horizontal  parallax  H  ; 
and  her  semidiameter  s. 

Then  add  together  sec  —  ~  t  cos  ^~-t  and  cot  —  ,  and  the 
sum,  rejecting  twenty,  will  be  the  tangent  of  arc  a,  of  the  same 
affection  as  -~ 


Add  together   cosec  —  -  —  ,  sin  --±  ,  and  cot  -,    and    the 


sum, 


rejecting  twenty,  .will  be  the  tan  of  arc  b  (always  acute).  When 
I  is  greater  than  p,  a  -f  b  =  arc  c  ;  and  when  I  is  less  than  p, 
a—  6=arc  c. 

Add  together  tan  c,  cosec  I,  cosec  P,  and  prop,  log  H,  and  the 
sum,  rejecting  the  tens,  is  prop,  log  of  arc  d.  When  arc  c  is 
obtuse,  p  +  d  =  arc  e  ;  and  when  c  is  acute,  p  —  d  =  arc  e. 

Add  together  cosec  I,  cosec  P,  prop,  log  H  ;  and  with  the  sum 
8,  and  p,  take  the  correction  from  the  subjoined  table,  and  apply- 
ing it  with  its  proper  sign  to  e,  call  the  sum  or  the  remainder  e'. 
The  difference  of  m  and  e'  is  arc  /. 

To  8  add  sin  e',  and  the  sum,  rejecting  the  tens,  is  the  prop,  log 
of  arc  g. 

To  the  prop,  logs  of  s  +  f,  and  s—f,  add  twice  the  sine  of  arc 
e,  and  half  the  sum,  rejecting  the  tens,  is  the  prop,  log  of  arc  h. 
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Then  the  moon's  right  ascension  =  R  +  g  +  h,  where  g  is 
additive  west  of  the  meridian,  and  subtractive  east ;  and  h  is 
additive  at  an  emersion,  and  subtractive  at  an  immersion. 

Having  found  the  moon's  right  ascension,  the  corresponding 
Greenwich  time  is  to  be  found  from  the  Nautical  Almanac,  the 
comparison  of  which  with  the  local  time  gives  the  longitude  of  the 
place  of  observation. 


TABLE   FOR  CORRECTION   OF  e. 


Star's  Polar  Distance  p. 

s 

60° 

65° 

70° 

75° 

80° 

85° 

90° 

•50 
•55 

16-5 
13-0 

H 

13-2 
10-5 

10-3 

8'2 

7-5 
6-0 

5-0 
4-0 

» 

2-5 
2-0 

•o 
•o 

•60 

10-3 

8-3 

6-5 

47 

3-2 

1-5 

•o 

•65 

8'2 

6'6 

5-1 

3-8 

2-5 

1-2 

•o 

•70 

6-5 

5'2 

4-1 

3-0 

2'0 

i-o 

•o 

•75 

5-1 

4'2 

3'2 

2'4 

1-5 

•8 

•o 

•80 

41 

3'2 

2-6 

1-9 

1-2 

•6 

•o 

•85 

3  '2 

2-6 

2-0 

1-5 

•9 

•5 

•o 

•90 

2-6 

2'1 

1-6 

11 

•8 

•4 

•o 

•95 

2-1 

17 

1-3 

i-o 

•6 

•3 

•o 

1-00 

1-6 

1-3 

1-0 

•7 

•4 

•2 

•o 

110 

i-o 

•9 

•6 

•5 

•3 

•1 

•o 

1-20 

•6 

•5 

•4 

•3 

•2 

•1 

•o 

1-30 

•4 

•3 

•3 

•2 

•1 

•o 

•o 

1'50 

•2 

•1 

•1 

•0 

•o 

•o 

•o 

1-80 

•o 

•o 

•o 

•o 

•o 

•o 

•o 

o 

120° 

115° 

110° 

105° 

100° 

95° 

90° 

0 

Star's  Polar  Distance  p. 

BY  OBSERVATIONS  FOR   LATITUDE  AND  THE  TRUE   BEARING  TO  A 

KNOWN   POINT. 

It  is  obvious  that  this  system  can  only  be  adopted  when  the  line 
joining  the  two  stations  is  inclined  at  but  a  small  angle  to  the 
meridian. 

Let  A  and  B  be  two  stations  visible  one  from  the  other,  let  A  P 
=  a  and  B  P  =  a,  the  observed  co-latitudes,  let  A  and  B  repre- 
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sent  the  corrected  true  azimuths  obtained  at  those  stations  by 
observation,  and  A  P  B  the  required  angular  distance  of  longitude- 
Then,  by  spherical  trigonometry, 


which  determines  P. 

This  system  was  adopted  in  the  reconnaissance  and  route 
surveys  of  Sinai  and  Palestine,  1866-9;  see  account  of  Sinai  Survey 
by  Capt.  H.  S.  Palmer,  RE.,  and  also  for  the  method  of  correcting 
the  above  equation  when  the  angles  at  A  and  B  have  not  been 
measured  with  perfect  accuracy. 


PROBLEM   VI. 

TO  DETERMINE  THE  DIRECTION  OF  A  MERIDIAN  LINE*   AND 
THE  VARIATION   OF  THE   COMPASS. 

In  the  spherical  triangle  Z  P  S,    already    alluded    to    as  the 
astronomical  triangle ;  and  in  which  the  co-latitude  Z  P,  and  the 

time  represented  by  the  angle  P,  were 
ascertained  by  the  method  of  absolute 
altitudes  in  pages  250  and  253  ;  the 
azimuth  of  any  celestial  body  S  is 
measured  by  the  angle  Z,  which  is 
found  from  knowing  either  the  time 
or  the  latitude,  in  addition  to  the  ob- 
served altitude.  This  calculated  azi- 
muth compared  with  the  magnetic 
bearing  of  the  object  observed  at  the 

same  instant,  and  determined  with  reference  to  some  well-defined 
terrestrial  mark,  affords  the  means  of  laying  down  a  meridian  line, 
and  gives  the  variation  of  the  compass. 

In  the   northern  hemisphere,    except   in    high    latitudes,   the 

*  The  method  of  ascertaining  the  direction  of  the  meridian  with  an  altitude  and 
azimuth  instrument,  or  a  large  theodolite,  has  been  already  described  at  p.  204. 
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simplest  method  is  to  observe  a  Polaris  at  the  moment  of 
culmination,  or  at  equal  intervals  before  and  after,  or  by  observing 
a  Polaris  at  any  time,  and  correcting  its  position  by  Table  I., 
First  Correction  of  the  Pole  Star  for  Latitude  (Nautical  Almanac), 
the  table  being  altered  six  hours,  so  that  it  may  give  the  correc- 
tion east  and  west  instead  of  north  and  south.  The  best  time  is 
early  in  the  morning  or  after  sunset,  just  before  or  after  "the  neces- 
sary round  of  angles  with  the  theodolite  is  taken.  The  star  can 
readily  be  found  by  the  telescope  (when  invisible  to  the  naked 
eye),  the  approximate  variation  of  the  compass  being  known,  and 
also  the  hour  angle  and  altitude  (from  latitude)  of  the  star. 

The  time  by  the  chronometer  should  be  noted  at  moment  of 
observation. 

Another  mode  is  by  calculating  the  amplitude  of  the  sun  at  his 
rising  or  setting  for  any  day  in  any  latitude,  and  comparing  it 
with  his  observed  bearing  when  on  the  horizon,  or  rather  when  he 
is  34  minutes,  or  about  his  own  diameter,  above  it,  as  his  disc  is 
elevated  that  amount  above  its  true  place  by  refraction. 

In  the  accompanying  figure  H  0  is  the  horizon,  P  the  pole, 
E  Q  the  equator,  PAG  the  six  o'clock  hour  circle,  PEC  the 
meridian,  Z  the  zenith,  and  d  d  or  d'  d'  the  circle  of  declination  of 


the  sun,  either  north  or  south  of  the  equator,  and  supposed  to  be 
drawn  through  his  place  at  the  time  of  sunrise,  which  is  ap- 
proximately known. 
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S  or  S',  then,  the  intersection  of  this  declination  circle  with  the 
horizon,  is  the  position  of  the  sun  at  rising  in  the  first  case  before 
arriving  at  the  6  o'clock  hour  circle,  and  in  the  second  after  having 
passed  it. 

In  the  triangles  A  S  £  or  A  S' t'  then,  t  S  or  tf  S'  is  the  sun's  decli- 
nation, and  the  angle  S  A  t,  S'  A  t'  the  co-latitude  of  the  place ; 
from  whence  we  obtain  A  S  or  A  S',  the  amplitude,  and  also  A  t  or 
A  1f,  the  angular  distance  before  or  after  6  o'clock  for  the  time  of 
sunrise. — In  the  same  way  can  be  obtained  the  sun's  amplitude  at 
sunset ;  as  also  the  time,  allowing  for  the  change  in  declination. — 
If  the  meridian  is  to  be  marked  on  the  ground,  it  is  necessary,  as 
before  stated,  to  observe  some  object  with  reference  to  the  mag- 
netic bearing. 

A  TRANSIT  INSTRUMENT  *  placed  in  the  plane  of  the 
meridian,  of  course  affords  the  means  of  marking  out  at  once  a 
meridian  line  on  the  ground ;  the  following  short  description, 
abridged  from  Dr.  Pearson's  "  Practical  Astronomy,"  explains  the 
method  of  adjusting  a  portable  transit  approximately  in  this  plane, 
and  of  verifying  its  position  when  so  placed. 

1st.  The  adjustment  of  the  level,  and  of  the  axis  of  the  tele- 
scope.— These  two  adjustments  may  be  carried  on  at  the  same 
time ;  as  when  the  level  is  made  horizontal  and  parallel  to  the 
axis,  the  axis  must  be  horizontal  also. — Apply  the  level  to  its 
proper  place  on  the  pivots  of  the  axis,  and  bring  it  horizontal  by 
the  foot-screws  of  the  instrument ;  reverse  the  level,  and  mark  the 
difference  as  shown  on  the  scale  attached  to  it — half  this  difference 
must  be  corrected  by  the  screw  of  the  level,  and  half  by  the  foot- 
screws,  which  operation  will  probably  want  repeating — if,  by 
previous  observation,  the  level  has  been  ascertained  to  be  correct, 
the  foot-screws  alone  must  be  used  in  the  correction,  and  if  on 
reversing  the  instrument  in  its  Y  s,  the  level  is  still  correct,  the 


*  In  an  Observatory,  the  principal  uses  to  which  a  transit  is  applied  are  the 
obtaining  true  time,  and  the  determination  of  right  ascensions — very  excellent  direc- 
tions for  using  and  adjusting  a  portable  transit  for  the  determination  of  longitudes, 
&c.,  drawn  up  by  Mr.  Airy,  will  be  found  in  the  narrative  of  the  North  American 
Boundary,  by  Major  Robinson,  from  which  one  example  is  given  at  the  end  of  this 
chapter,  to  show  the  form  there  adopted  for  recording  transit  observations. 
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pivots  of  the  axis  are  of  equal  size  ;  if  not,  the  instrument  should 
be  returned  to  its  maker  as  imperfect. 

2nd.  The  next  object  will  be  to  place  the  spider  lines  truly 
vertical,  and  to  determine  the  equatorial  value  of  their  in- 
tervals. 

Suspend  a  thick  white  plumb-line  on  a  dark  ground,  at  a 
distance  from  the  telescope  ;  then  the  middle  wire  may  be  made 
to  coincide  with  it  to  insure  its  vertically,  and  if  a  motion  in 
altitude  be  given  to  the  telescope,  and  the  coincidence  con- 
tinues unaltered  by  change  of  elevation,  the  axis  has  been  truly 
levelled. 

The  equatorial  value  of  the  intervals  between  the  wires  may  be 
determined  by  counting  the  time  in  seconds  and  parts  occupied 
by  the  passage  of  an  equatorial  star  over  all  the  intervals,  taken 
separately  and  collectively,  by  several  repetitions  on  or  near  the 
meridian.  If  the  star  observed  has  any  declination,  the  value  of 
an  interval  obtained  from  its  passage  may  be  reduced  to  its  equa- 
torial value  by  multiplying  the  seconds  counted,  by  the  cosine  of 
the  star's  declination ;  before  this  method  can  be  used,  the 
telescope  must  have  been  placed  nearly  on  the  meridian. 

3rd.  Collimation  in  azimuth. — When  the  preceding  adjust- 
ments have  been  made,  the  telescope  should  be  directed  to  a 
distant  object,  the  middle  spider  line  brought  to  bisect  it,  and  the 
axis  then  turned  end  for  end.  If,  after  this  reversion,  the  same 
point  be  again  bisected  by  the  wire,  it  is  a  proof  that  a  line  passing 
from  the  middle  spider  line  to  the  optical  centre  of  the  object- 
glass  is  at  right  angles  to  the  axis  of  the  telescope's  motion.  But 
if,  after  this  reversion  of  the  axis,  the  visible  mark  be  found  on 
one  side  of  the  middle  line,  half  the  error  thus  found  must  be  cor- 
rected by  the  screw  that  moves  the  Y  s  in  azimuth,  and  the  other 
half  by  the  screw  for  adj  usting  the  wires  ;  several  reversions  must 
be  made  to  ensure  accuracy. — The  verification  of  this  adjustment 
may  be  proved  by  the  passage  of  the  pole  star  ; — note  the  time  at 
the  preceding  and  at  the  middle  wire,  then  reverse  the  axis,  and 
note  the  passage  over  what  ivas  the  preceding,  but  is  now  the 
following  wire ;  half  the  difference  of  the  intervals  before  and 
after  reversion  will  show  how  much  the  position  of  the  centre  wire 
has  been  altered  by  reversion. 
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4th.  Collimation  in  altitude. — When  the  telescope  is  directed  to 
the  pole  star  at  the  time  of  its  crossing  the  meridian,  or  to  any 
well-defined  distant  point  by  daylight,  read  the  vernier  of  the 
altitude  circle  while  the  bubble  of  the  level  is  at  zero.  The  axis 
of  the  telescope  must  then  be  reversed,  and  the  horizontal  line 
again  brought  to  bisect  the  star  ;  and  when  the  bubble  is  made  to 
stand  at  zero  as  before,  the  reading  of  the  vernier  must  be  again 
noted;  half  the  sum  of  these  readings  will  be  the  true  altitude, 
and  half  the  difference  the  error  of  collimation  in  altitude.  This 
error  may  consist  of  two  parts  :  the  spider  line  may  be  out  of  the 
optical  centre  of  the  field  of  view ;  and  the  level  (supposing  it 
previously  adjusted  to  reverse  properly  in  position)  may  not  be  in 
its  true  position  as  regards  the  zero  of  the  circle's  divisions ;  half, 
therefore,  of  the  error  arising  from  the  half  difference  of  altitudes 
must  be  adjusted  by  the  screws  carrying  the  spider  lines,  and  the 
other  half  by  the  screw  that  alters  the  level. 

5th.  The  last  and  most  difficult  of  all  the  adjustments  is  that 
by  which  the  instrument  is  placed  in  the  plane  of  the  meridian  of 
the  place  of  observation.  There  are  many  modes  of  accomplishing 
this,  both  by  direct  and  indirect  means ;  but  the  most  convenient 
and  most  generally  practised  are  those  in  which  a  circumpolar 
star  is  employed ;  or  in  which  two  circumpolar  stars,  differing 
little  in  declination,  but  nearly  twelve  hours  in  right  ascension, 
or  in  which  two  stars,  differing  considerably  in  altitude,  and  but 
little  in  right  ascension,  are  successively  observed ;  but  in  what- 
ever way  the  adjustment  may  be  made,  the  clock  that  gives  the 
times  of  transit  must  have  its  rate  previously  well  determined. 

The  approximate  position  of  the  instrument  may  be  ascertained 
by  calculating  the  solar  time  of  the  pole's  star  passage  over  the 
meridian  for  any  given  day ;  and  then  the  telescope  levelled  .and 
pointed  at  it  at  the  computed  time  will  require  but  little  adjust- 
ment. Subsequent  observations  of  circumpolar  or  of  high  and  low 
stars  will  gradually  rectify  the  position,  provided  all  the  adjust- 
ments previously  directed  continue  unaltered  for  a  sufficient 
length  of  time ;  and  a  meridian  mark,  capable  of  adjustment,  may 
be  placed  at  a  convenient  distance  north  or  south,  until  their 
places  are  definitely  fixed  by  some  of  the  following  methods.  At 
95*49  yards  from  the  object  end  of  the  telescope,  one  inch  will 
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subtend  1'  or  60",  and  a  scale  may  be  made  accordingly,  varying 
of  course  inversely  as  the  distances ;  so  that  when  the  transit  is 
found  to  be  any  number  of  seconds,  say  thirty,  too  much  to  the 
east  or  west,  a  corresponding  distance  on  the  scale  shows  how 
much  the  instrument  is  to  be  used  in  azimuth,  by  the  proper 
screws,  to  effect  the  correction  required. 

Method  1st. — By  a  circumpolar  star. 
t-t'-l^ 

T^TL~  cotan  8 

where  a  =  azimuthal  deviation  in  seconds  at  the  horizon, 

t  =  the  time  at  upper  transit, 

t'  —  at  lower  passage, 

L  =  the  latitude, 

b  =  the  declination  : 
by  multiplying  by  15,  a  is  converted  into  space  if  required. 

If  the  western  semicircle  is  passed  through  in  less  time  than  the 
eastern,  the  object  end  of  the  telescope  points  to  the  west  of  the 
true  meridian.  The  clock  must  be  a  good  one  for  this  method,  as 
it  supposes  no  change  of  rate  for  twelve  hours. 

Method  2nd. — By  a  pair  of  circumpolar  stars. 

_  fl-f-lflQ-CT— T—  12h)  sin  A  sin  A' 
2  cos  L  — sin  (A'— A) 

where  A  and  A'  =  the  star's  polar  distances,  L  =  the  latitude, 
t  and  if  the  times  of  the  first  star's  upper  and  lower  passages, 
T  and  T'  the  times  of  the  contrary  passages  of  the  second  star, 
following  the  other  at  an  interval  of  nearly  12  hours  in  right 
ascension  :  or  this  formula,  omitting  the  12  hours, 

(t  —  r)  —  (if — r')  sin  A  sin  A' 
2  cos  L— sin  (A'— A) 

when  (t  -t'  —  12h)  is  a  greater  interval  than  (r— r'—  llh)  the  hori- 
zontal deviation  a  will  be  towards  the  east,  and  vice  versa;  or  when 
(if — r')  is  greater  than  (t — r)  the  deviation  is  also  to  the  east. 
Method  3rd. — By  high  and  low  stars. 

(D-D')  cos  5.  cos  6' 


a  z= 


cos  L  sin  (6'— 8) 
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where  D  =  (t—t)  the  difference  of  the  observed  times  of 
passage,  and  D'  =  (Ra— Ra')  the  difference  of  the  apparent  right 
ascension  of  the  two  given  stars,  5'  the  declination  of  the  higher 
star,  and  b  that  of  the  lower.  The  stars  for  this  method  ought  to 
be  removed  from  each  other  at  least  40°  in  declination.  When 
(D  —  D')  is  positive,  the  horizontal  deviation  is  to  the  east  of  the 
south  point  in  northern  latitudes ;  and  the  contrary  when  negative. 

Tables  are  formed  to  facilitate  the  computation  of  the  above 
formulae.  The  times  are  all  supposed  to  be  sidereal;  if,  therefore, 
solar  time  is  used  in  the  observations,  the  acceleration  must  be 
added. 

The  following  example  is  given  of  the  last  method,  in  which, 
if  the  difference  of  the  times  of  the  observed  passages  be  exactly 
equal  to  the  difference  of  the  computed  right  ascensions  of  the 
two  stars,  the  instrument  will  necessarily  be  already  in  the  plane 
of  the  meridian. 

On  June  20,  1838,  in  latitude  51°  23'  40",  the  transits  of 
a  Corona  Borealis,  and  of  An  tares,  were  observed. 

TRANSITS.  RT.  ASCENSIONS. 

h       m          s  h       m       s 

a  Corona  Borealis    ...  9  25  31'5         15  27  52'25 

Antares  10  17  17'8         16  19  31'93 


D        -   51  46-3         -  .51  39-68 
D'       -   51  39-68 


6-62 


6-62  .  .  .    log.  -8208580 

Cos  5'  ...  27'  15  46  9-9488603 
Cos  6  ...  26  4  1  9-9534124 
Cos  L  ...  51  23  40  ar.  com.  0'2048465 
Sin  6  +  6'  .  .  53  19  47  ar.  com.  0'0957794 
a  =  10^562  1-0237566 
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FORM  FOR  RECORDING  OBSERVATIONS  MADE  WITH  A  PORTABLE 

TRANSIT. 

(Date,  Place,  and  Name  of  Observer. 


Approximate  Solar  Time. 

H.      M. 

9     47 

H.      M. 

10     40 

H.      M. 

10     45 

Object. 

12  Canum 
Venaticorum. 

t\  Ursse 
Majoris. 

i\  Bootis. 

1st  Wire     

H.      M.     S. 

13     2  41*5 

H.     M.       S. 

13  55     6'5 

H.      M.    S. 

14     1  26'0 

2nd    „            
3rd     ,,        

3  17-0 
3  51-5 

55  49-5 
56  31'0 

Lost. 
2  23  -0 

4th     „            
5th    „        

4  27-0 
5     1-0 

Lost. 
57  56-0 

2  53.0 
3  21-0 

Sum         .         .     . 

19  18-0 

225  23-0 

10     3-0 

Mean  of  Wires    ..... 
Correction  for  wires  lost           .         .     . 

13     3  51-6 

13  45     4'6 
11  26-70 

14     2     0-6 
0  22-94 

True  Transit  on  Instruments 
I       +  0-009 
Aziinuthal  Error  +  20  x     )     —  O'OOS 
(       +  0-031 

13     3  51-6 

+      0-18 

13  56  31-30 
—    0-16 

14     2  23-54 
+     0-62 

True  Transit  over  Meridian     .         .     . 
Star's  Right  Ascension 

13     3  5178 
12  48  48-97 

13  56  31-14 
13  41  28-49 

14     2  24-16 
]3  47  21-19J 

Error  of  Chronometer     .         .         .     . 

15    2-81 

15     2-65 

15     2-97 

The  above  is  one  of  the  sets  of  observations  made  by  Major 
Robinson  at  St.  Helen's  Island,  Upper  Canada,  in  1845.  Refer- 
ence was  also  made  to  the  particular  transit  and  chronometer 
used  ;  stating  also  if  the  error  of  collimation  had  been  determined, 
and  the  transit  levelled  immediately  before  the  observation,  and 
whether  the  east  or  west  end  of  the  axis  was  illuminated. 

In  the  transit  books  used  on  this  occasion,  made  of  four  or  five 
quires  of  letter  paper  bound  up  in  a  strong  cover,  the  right-hand 
page  was  printed  in  the  above  form,  leaving  the  other  blank,  for 
recording  levels,  calculating  the  azimuthal  errors,  &c.,  &c. 

The  form  for  registering  transit  observations  in  a  permanent 
Observatory  is  of  course  different  from  the  above  :  that  at  present 
in  use  at  the  Royal  Engineer  Observatory  at  Chatham,  taken 
from  the  "  Corps  Papers,"  is  given  as  an  example  in  page  290. 

The  altitude  and  azimuth  instrument  alluded  to  in  page  211,  as 
one  of  the  standard  instruments  of  an  Observatory,  can  be  used 
when  fixed  in  the  plane  of  the  meridian  as  a  transit,  for  which 


288  PROBLEMS. 

purpose  the  diaphragm  is  provided  with  5  vertical  and  5  horizontal 
wires,  the  central  intersection  of  which  in  the  axis  of  the  telescope 
is  used  for  other  observations.  An  instrument  thus  placed  is  of 
itself  competent  for  almost  all  the  requirements  of  an  Observatory, 
excepting  those  requiring  an  equatorially  mounted  telescope,  as 
by  it  may  be  obtained  right  ascensions  and  true  time,  as  well  as 
altitudes  or  zenith  distances  and  azimuths.  When  constructed  to 
be  portable  it  becomes  pre-eminently  useful  in  all  geodesical  ope- 
rations, more  particularly  when  placed  on  a  repeating  stand,  as 
was  done  with  those  made  for  the  Ordnance  Survey  (generally 
known  as  2-feet  theodolites). 

This  instrument  is  fully  described  at  page  412  of  the  3rd  vol.  of 
the  Woolwich  Course,  from  which  the  following  outline  of  its 
construction  and  adjustments  has  been  taken : — The  telescope  is 
of  2  feet  3  inches  focal  length  ;  the  vertical  circle  15  inches 
diameter  divided  to  5',  and  the  intervening  space  between  each 
division  read  by  two  micrometers.  The  horizontal  circle  is  of  2 
feet  in  diameter,  also  divided  to  5',  and  read  by  six  micrometers. 
The  repeating  table  of  three  radiating  arms  is  in  two  parts :  the 
lower  rests  upon  three  levelling  screws,  and  the  upper  carries  the 
instrument. 

The  adjustments  are  as  follows  :  the  repeating  table  is  first 
levelled  by  the  three  foot-screws  by  means  of  a  short  spirit  level 
screwed  on  to  its  upper  plate.  The  table  is  then  turned  180°,  and 
the  level  adjusted,  one  half  by  the  screw  of  the  spirit  level,  and 
the  other  half  by  the  two  foot-screws  which  are  parallel  to  the 
level.  The  table  is  then  turned  90°,  and  the  air-bubble  of  the 
spirit  level  brought  to  the  centre  of  its  tube  by  the  remaining 
screw  of  the  repeating  table.  This  process  must  be  repeated  until 
the  table  is  perfectly  level. 

The  second  process  is  the  centering  of  the  repeating  table,  which 
is  effected  by  removing  the  spirit  level  from  the  upper  plate  and 
screwing  the  large  centering  microscope  to  the  centre  of  the  table. 
A  fine  circular  dot  upon  a  wafer  is  placed  immediately  below  the 
centre  at  the  level  of  the  bottom  of  the  triangular  stand,  and  the 
cross  hairs  of  the  centering  microscope  made  to  bisect  it,  one 
half  of  the  adjustment  being  made  by  the  centering  screws,  and 
the  other  half  by  altering  the  collimating  screws  at  the  upper  end 
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of  the  microscope.      This  operation    is   repeated  with  the  table 
turned  180°,  and  subsequently  again  at  right  angles. 

The  instrument  itself  is  then  placed  with  its  three  foot-screws  in 
the  brass  cups  at  the  three  arms  of  the  repeating  table,  and 
levelled  by  its  own  screws ;  it  is  then  centered  by  the  centering 
microscope,  so  as  to  be  used  as  a  repeating  theodolite,  the  opera- 
tion being  repeated  with  the  instrument  turned  180°  and  90°  from 
its  original  position. 

The  next  adjustment  is  that  of  the  telescope  level.  The  tele- 
scope is  placed  in  its  Ys  as  nearly  horizontal  as  possible,  the  verti- 
cal circle  clamped,  and  the  air  bubble  of  the  suspended  level  made 
by  the  tangent  screw  to  bisect  the  centre  of  its  tube.  The  level  is 
then  reversed  on  its  supports,  and  one  half  of  the  error  thus 
caused  corrected  by  its  adjusting  screws  and  the  other  half  by  the 
tangent  screw  of  the  vertical  arc,  repeating  the  operation  until  no 
error  exists. 

The  last  process  is  the  levelling  of  the  horizontal  axis.  The 
instrument  is  first  carefully  levelled  by  the  telescope  level,  and 
the  axis  level  suspended  from  the  two  pivots  of  the  telescope,  the 
exact  readings  of  the  ends  of  the  air  bubbles  on  the  level  scale 
being  noted.  The  level  is  then  reversed  on  the  pivots,  and  the 
difference  of  the  two  readings  of  the  ends  of  the  air  bubbles  on 
the  scale  is  corrected  one  half  by  the  adjusting  screw  of  the  level, 
and  the  other  half  by  the  screw  attached  to  the  moveable  Y  that 
receives  one  of  the  pivots  of  the  telescope,  repeating  the  operation 
until  the  adjustment  is  perfect.  The  correction  of  the  line  of 
collimation  and  of  the  micrometer  microscopes  are  the  same  as  for 
the  theodolite. 
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TABLE  I. 

FOR  CONVERTING   SIDEREAL  INTO   MEAN   SOLAR   TIME. 


Hours. 

Minutes. 

Seconds. 

1 

M.         S. 

0       9-830 

1 

s. 
0164 

31 

s. 
5-079 

1 

s. 
0-003 

31 

s. 
0-085 

2 

0    19-659 

2 

0-328 

32 

5-242 

2 

0-005 

32 

0-087 

3 

0    29-489 

3 

0-491 

33 

5-406 

3 

0-008 

33 

0-090 

4 

0    39-318 

4 

0-655 

34 

5-570 

4 

0-011 

34 

0-093 

5 

0    49-148 

5 

0-819 

35 

5-734 

5 

0-014 

35 

0-096 

6 

0    58-977 

6 

0-983 

36 

5-898 

6 

0-016 

36 

0-098 

7 

1       8-807 

7 

1-147 

37 

6-062 

7 

0-019 

37 

0-101 

8 

I     18-636 

8 

1-311 

38 

6-225 

8 

0-022 

38 

0-104 

9 

1     28-466 

9 

1-474 

39 

6-389 

9 

0.025 

39 

0-106 

10 

1     38-296 

10 

1-638 

40 

6-553 

10 

0-027 

40 

0-109 

11 

1     48-125 

11 

1-802 

41 

6-717 

11 

0-030 

41 

0-112 

12 

1     57-955 

12 

1-966 

42 

6-881 

12 

0-033 

42 

0-115 

13 

2      7784 

13 

2-130 

43 

7-044 

13 

0-036 

43 

0118 

14 

2    17-614 

14 

2-294 

44 

7-208 

14 

0-038 

44 

0-120 

15 

2     27-443 

J5 

2-457 

45 

7-372 

15 

0-041 

45 

0-123 

16 

2    37-273 

16 

2-621 

46 

7-536 

16 

0-044 

46 

0-126 

17 

2    47-103 

17 

2785 

47 

7-700 

17 

0-047 

47 

0128 

18 

2    56-932 

18 

2-949 

48 

7-864 

18 

0-049   ' 

48 

0-131 

19 

3      6-762 

19 

3-113 

49 

8-027 

19 

0-052 

49 

0-134 

20 

3     16-591 

20 

3-277 

50 

8-191 

20 

0-055 

50 

0-137 

21 

3    26-421 

21 

3-440 

51 

8-355 

21 

0-057 

51 

0-140 

22 

3     36-250 

22 

3-604 

52 

8-519 

22 

0-060 

52 

0-142 

23 

3    46-080 

23 

3-768 

53 

8-683 

23 

0-063 

53 

0-145 

24 

3    55-909 

24 

3-932 

54 

8-847 

24 

0-066 

54 

0-148 

25 

4-096 

55 

9-010 

25 

0-068 

55 

0-150 

26 

4-259 

56 

9-174 

26 

0-071 

56 

0-153 

27 

4-423 

57 

9-338 

27 

0-074 

57 

0-156 

28 

4-587 

58 

9-502 

28 

0-076 

58 

0-159 

29 

4751 

59 

9-666 

29 

0-079 

59 

0-161 

30 

4-915 

60 

9-830 

30 

0-082 

60 

0-164 

The  quantities  opposite  the  different  numbers  of  hours,  minutes,  and  seconds 
are  to  be  subtracted,  to  obtain  the  equivalent  interval  of  mean  solar  time  for  any 
period. 

u  2 
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TABLE  II. 

FOR  CONVERTING  MEAN  SOLAR  INTO   SIDEREAL  TIME. 


Hours. 

Minutes. 

Seconds. 

M.     S. 

s. 

s. 

1 

s. 

s. 

1 

0   9-856 

1 

0-164 

31 

5-092 

1 

0-003 

31 

0-085 

2 

0  19-713 

2 

0-329 

32 

5-257 

2 

0-005 

32 

0-087 

3 

0  29-569 

3 

0-493 

33 

5-421 

3 

0-008 

33 

0-090 

•  4 

0  39-426 

4 

0-657 

34 

5'585 

4 

0-011 

34 

0-093 

5 

0  49-282 

5 

0-821 

35 

5-750 

5 

0-014 

35 

0-096 

6 

0  59-139 

6 

0-986 

36 

5-914 

6 

0-016 

36 

0-098 

7 

1   8-995 

7 

1-150 

37 

6-078 

7 

0-019 

37 

0-101 

8 

1  18-852 

8 

1-314 

38 

6-242 

8 

0-022 

38 

0-104 

9 

1  28-708 

9 

1-478 

39 

6-407 

9 

0-025 

39 

0-106 

10 

1  38-565 

10 

1-643 

40 

6-571 

10 

0-027 

40 

0-109 

11 

1  48-421 

11 

1-807 

41 

6-735 

11 

0-030 

41 

0-112 

12 

1  58-278 

12 

1-971 

42 

6-900 

12 

0-033 

42 

0-115 

13 

2   8-134 

13 

2-136 

43 

7-064 

13 

0-036 

43 

0-118 

14 

2  17-991 

14 

2-300 

44 

7-228 

14 

0-038 

44 

0-120 

15 

2  27-847 

15 

2-464 

45 

7-392 

15 

0-041 

45 

0-123 

16 

2  37-704 

16 

2-628 

46 

7-557 

16 

0-044 

46 

0-126 

17 

2  47-560 

17 

2-793 

47 

7-721 

17 

0-047 

47 

0-128 

18 

2  57-416 

18 

2-957 

48 

7-885 

18 

0-049 

48 

0-131 

19 

3   7-273 

19 

3-121 

49 

8-050 

19 

0-052 

49 

0-134 

20 

3  17-129 

20 

3-285 

50 

8-214 

20 

0-055 

50 

0137 

21 

3  26-986 

21 

3-450 

51 

8-378 

21 

0-057 

51 

0-140 

22 

3  36-842 

22 

3-614 

52 

8-542 

22 

0-060 

52 

0-142 

23 

3  46-699 

23 

3-778 

53 

8-707 

23 

0-063 

53 

0-145 

24 

3  56-555 

24 

3-943 

54 

8-871 

24 

0-066 

54 

0-148 

25 

4-107 

55 

9-035 

25 

0-068 

55 

0-150 

26 

4-271 

56 

9-199 

26 

0-071 

56 

0-153 

27 

4-436 

57 

9-364 

27 

0-074 

57 

0-156 

28 

4-600 

58 

9-528 

28 

0-076 

58 

0-159 

29 

4764 

59 

9-692 

29 

0-079 

59 

0-161 

30 

4-928 

60 

9-856 

30 

0-082 

60 

0-164 

The  quantities  opposite  the  different  numbers  of  hours,  minutes,  and  seconds  are 
to  be  added,  to  obtain  the  equivalent  interval  of  sidereal  time  for  any  period. — Vide 
Table  of  Equivalents,  page  489  of  the  "  Nautical  Almanac."  This  Table,  and  the  pre- 
ceding, are  calculated  from  the  ratio  of  a  sidereal  to  a  mean  solar  day — twenty- four 
hours  of  mean  time  being  equivalent  to  24h  3m  56s -5554  sidereal  time. 
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TABLE    III. 

FOR  CONVERTING  SPACE   INTO   TIME,  AND   VICE  VERSA 


SPACE  INTO  TIME. 
To  convert  degrees  and  parts  of  the  Equator 
into  Sidereal  Time  ;  or  to  convert  degrees  and 
parts  of  Terrestrial  Longitude  into  Time. 

TIME  INTO  SPACE. 

To    convert    Sidereal    Time  into  degrees  and 
parts  of  the  Equator  :  or  to  convert  Time  into 
degrees  and  parts  of  Terrestrial  Longitude. 

1 

2 
3 
4 
5 

h.   m. 
0    4 
0    8 
0  12 
0  16 
0  20 

/ 

1 
2 
3 

4 
5 

m.  s. 
0    4 
0    8 
0  12 
0  16 
6  20 

1 
2 
3 
4 
5 

s. 
0-066 
0-133 
0-200 
0-266 
0-333 

h. 
1 

2 
3 
4 
5 

6 

7 
8 
9 
10 

15 
30 
45 
60 
75 

m. 

1 
2 
3 
4 
5 

0  15 
0  30 
0  45 
1     0 
1  15 

s. 
1 

2 
3 
4 
5 

/    // 
0  15 
0  30 
0  45 
1     0 
1  15 

6 

8 
9 
10 

0  24 
0  28 
0  32 
0  36 
0  40 

6 

7 
8 
9 
10 

0  '24 
0  23 
0  32 
0  36 
0  40 

6 
7 
8 
9 
10 

0-400 
0-466 
0-533 
0-600 
0-666 

90 
105 
120 
135 
150 

6 
7 
8 
9 
10 

1  30 
1  45 

2     0 
2  15 
2  30 

6 

7 
8 
9 
10 

1  30 
1  45 
2    0 
2  15 
2  30 

11 
12 
13 
14 
15 

0  44 
0  48 
0  f>2 
0  56 
1     0 

11 

12 
13 
14 
15 

0  44 
0  48 
0  52 
0  56 
1     0 

11 
12 
13 
14 
15 

0:733 
0-800 
0-866 
0-933 

i-ooo 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 

165 
180 
195 
210 
225 

240 
255 
270 
285 
300 

11 
12 
13 
14 
15 

2  45 
3     0 
3  15 
3  30 
3  45 

11 
12 
13 
14 
15 

2  45 
3     0 
3  15 
3  30 
3  45 

16 
17 
18 
19 
20 

1     4 
1     8 
1  12 
1  16 
1  20 

16 
17 
18 
19 

20 

1     4 
1     8 
1  12 
1  16 
1  20 

16 
17 
18 
19 
20 

1-066 
1-133 
1-200 
1-266 
1-333 

16 
17 
18 
19 
20 

4     0 
4  15 
4  30 
4  45 
5    0 

16 
17 
18 
19 
20 

4     0 
4  15 
4  30 
4  45 
5     0 

25 
30 
35 
40 
45 

1  40 
2    0 
2  20 
2  40 
3    0 

21 
22 
23 
24 
25 

24 
28 
32 
36 

40 

21 
22 

23 
24 

25 

1-400 
1-466 
1-533 
1-600 
1-666 

315 
330 
345 

360 

21 
22 
23 

24 
25 

5  15 
5  30 
5  45 
6     0 
6  15 

21 

22 
23 
24 
25 

,   5  15 
5  30 
5  45 
6    0 
6  15 

Tenths. 

50 
55 
60 
65 
70 

3  20 
3  40 
4    0 
4  20 
4  40 

26 
27 
28 
29 
30 

44 
48 
52 
56 
2    0 

26 
27 
28 
29 
30 

1-733 
1-800 
1-866 
1-933 
2-000 

8. 
'I 

•2 
•3 

•4 

11 

3-0 
4-5 
6-0 

26 

27 
28 
29 
30 

6  30 
6  45 
7    0 
7  15 
7  30 

26 
27 
28 
29 
30 

6  30 
6  45 

7    0 
7  15 
7  30 

75 
80 
90 
100 
110 

5    0 
5  20 
6    0 
6  40 

7  20 

31 

32 
33 
34 
35 

2    4 
2     8 
2  It 
2  16 

2  20 

31 

32 
33 
34 
35 

2-066 
2-133 
2-200 
2-266 
2-333 

•5 

•6 
•7 
•8 
•9 
1*0 

7-5 
9-0 
10-5 
12-0 
135 
i  fi-n 

31 

32 
83 
34 
35 

7  45 
8    0 
8  15 
8  30 
8  45 

31 
32 
33 
34 

35 

7  45 
8    0 
8  15 
8  30 
8  45 

120 
130 
140 
150 
160 

8    0 
8  40 
9  20 
10    0 
10  40 

36 

37 
38 
39 
40 

2  24 
2  28 
2  32 
2  36 
2  40 

36 
37 
38 
39 
40 

2-400 
2-466 
2-533 
2-600 
2-666 

2-733 

2-800 
2-866 
2-933 
3-000 

Hundredths. 

36 
37 
38 
39 

40 

9    0 
9  15 
9  30 
9  45 
10    0 

36 
37 
38 
39 
40 

9    0 
9  15 
9  30 
9  45 
10     0 

s. 
•01 

•02 

015 
0-30 

170 
180 
190 
200 
210 

11  20 
12    0 
12  40 
13  20 
14    0 

41 
42 
43 
44 
45 

2  44 
2  48 
2  52 
2  56 
3     0 

41 

42 
43 
44 
45 

•03 
•04 

•05 
•06 
•07 

0-45 
0-60 
0-75 
0-90 
1-05 

41 
42 
43 
44 
45 

10  15 
10  30 
10  45 
11    0 
11  15 

41 

42 
43 
44 
45 

10  15 
10  30 
10  45 
11     0 
11  15 

220 
230 
240 
250 
260 

14  40 
15  20 
16    0 
16  40 
17  20 

46 
47 
48 
49 
50 

3    4 
3     8 
3  12 
3  16 
3  20 

46 
47 
48 
49 
50 

3-066 
3-133 
3-200 
3"266 
3-333 

•08 
•09 

•10 

1-20 
1-35 
T50 

46 
47 
48 
49 
50 

11  30 
11  45 
12    0 
12  15 
12  30 

46 

47 
48 
49 
50 

11  30 
11  45 
12    0 
12  15 
12  30 

Thousandths. 

8. 

•001 
•002 
•003 
•004 
•005 

O'OIS 
•030 
•045 
•060 
•075 

270 
280 
290 
300 
310 

18    0 
18  40 
19  20 
20    0 
20  40 

51 
52 
53 
54 
55 

3  24 
3  28 
3  32 
3  36 
3  40 

51 
52 
53 
54 
55 

3-400 
3-466 
3533 
3-600 
3-666 

51 
52 
53 
54 
55 

12  45 
13    0 
13  15 
13  30 
13  45 

51 
52 
53 
54 
55 

12  45 
13    0 
13  15 
18  30 
13  45 

320 
330 
340 
350 
360 

21  20 
22    0 
22  40 
23  20 
24    0 

56 
57 
58 
59 
60 

3  44 
3  48 
3  52 
3  56 

4    0 

56 
57 
58 
59 
60 

3-733 
3-800 
3-866 
8-888 

4-000 

•006 
•007 
•008 
•009 
•010 

•090 
•105 
•120 
•135 
•150 

56 
57 
58 
59 
60 

14    0 
14  15 
14  30 
14  45 
15    0 

56 

57 
58 
59 
60 

14    0 
14  15 
14  30 
14  45 
15    0 
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TABLE    IV. 


Barometer,  30  in.  )                                                                     (  Thermometer,  50°. 

+  when  above.     [         TABLE    OF   REFRACTIONS.         ]      -  when  above. 

—  when  below.     )                                                                        (       +  when  below. 

Difference  to  be 

Difference  to  be 

1st 

Refr. 
B.  30. 
Th.  50°. 

allowed  for. 

App. 
Alt, 

Refr. 
B.  30. 
Th.  50°. 

allowed  for. 

1'  Alt. 

+  1  B 

-l°Th 

1'Alt. 

+  1B 

-  1°  Th. 

O           / 

0    0 

33    51 

117 

74 

8-1 

3    0 

14    35 

3-2 

30 

2-3 

5 

32    53 

11-3 

71 

V7'6 

5 

14    19 

3-1 

29 

2-2 

10 

31     58 

10-9 

69 

7'3 

10 

14      4 

3-0 

29 

2-2 

15 

31       5 

10-5 

67 

7-0 

15 

13    50 

2-9 

28 

21 

20 

30    13 

101   1 

65 

6-7 

20 

13    35 

2-8 

28 

21 

25 

29     24 

97 

63 

6-4 

25 

13    21 

27 

27 

2-0 

30 

28     37 

9'4 

61 

6-1 

30 

13      7 

27 

27 

2-0 

35 

27    51 

9-0 

59 

5-9 

35 

12    53 

2-6 

26 

2-0 

40 

27      6 

87 

58 

5-6 

40 

12     41 

2-5 

26 

1-9 

45 

26    24 

8-4 

56 

5-4 

45 

12     28 

2-4 

25 

1*9 

50 

25     43 

8-0 

55 

51 

50 

12     16 

2-4 

25 

1-9 

£5 

25      3 

77 

53 

4'9 

55 

12       3 

2-3 

25 

1-8 

1     0 

24    25 

7-4 

52 

4-7 

4    0 

11     52 

2-2 

241 

170 

5 

23     48 

7-1 

50 

4-6 

10 

11     30 

21 

23-4 

1-64 

10 

23    13 

6-9 

49 

4-5 

20 

11     10 

2-0 

227 

1-58 

15 

22     40 

6-6 

48 

4-4 

30 

10    50 

1:9 

22-0 

1-53 

20 

22       8 

6-3 

46 

4-2 

40 

10     32 

1-8 

21-3 

1-48 

25 

21    37 

6-1 

45 

4-0 

50 

10     15 

17 

207 

1-43 

30 

21      7 

5-9 

44 

3-9 

5     0 

9    58 

1-6 

201 

1-38 

35 

20     38 

57 

43 

3-8 

10 

9    42 

1-5 

19-6 

1-34 

40 

20     10 

5-5 

42 

3'6 

20 

9    27 

1-5 

191 

•30 

45 

19     43 

5-3 

40 

3-5 

30 

9     11 

1-4 

18-6 

•26 

50 

19     17 

51 

39 

3-4 

40 

8    58 

1*8 

181 

•22 

55 

18     52 

4-9 

39 

3'3 

50 

8     45 

1-8 

17-6 

19 

2     0 

18     29 

4-8 

38 

3-2 

6     0 

8    32 

1-2 

17-2 

15 

5 

18      6 

4-6 

37 

31 

10 

8    20 

1-2 

16-8 

11 

10 

17    43 

4-4 

36 

3-0 

20 

8      9 

11 

16-4 

1-09 

15 

17    21 

4-3 

36 

2-9 

30 

7    58 

11 

16-0 

1-06 

20 

17      0 

41 

35 

2-8 

40 

7    47 

1-0 

157 

1-03 

25 

16    40 

4-0 

34 

2-8 

50 

7    37 

1-0 

15-3 

I'OO 

30 

16     21 

3-9 

33 

27 

7     0 

7    27 

1-0 

15-0 

0-98 

35 

16       2 

37 

33 

2-6 

10 

7    17 

•9 

14-6 

•95 

40 

15     43 

3-6 

32 

2-6 

20 

7      8 

•9 

14-3 

•93 

45 

15     25 

3-5 

32 

2-5 

30 

6    59 

•8 

141 

•91 

50 

15       8 

3-4 

31 

2-4 

40 

6    51 

•8 

13-8 

•89 

55 

14     53 

3-3 

30 

2-3 

50 

6     43 

•8 

13-5 

•87 

Young's  Refractions  have  been  selected  from  among  those  by  different  eminent 
Astronomers,  given  in  Dr.  Pearson's  Tables. 


295 


TABLE   IV.— continued. 


Barometer,  30  in.  )                                                                        (  Thermometer,  50°. 

+  when  above.     ]           TABLE  OF   REFRACTION'S.           ]      -  when  above. 

—  when  below.    )                                                                        (      +  when  below. 

Difference  to  be 

Difference  to  be 

App. 
Alt. 

Refr. 
B.  30. 
Th.  50°. 

allowed  for. 

IT 

Refr. 
B.  30. 
Th.  50°. 

allowed  for. 

1'  Alt. 

+  1B. 

-l°Th. 

1'  Alt. 

+  1B. 

-l°Th. 

0           / 

i     a 

a 

•r 

a 

o        1 

/      n 

ii 

ir 

it 

8     0 

6    35 

•7 

13-3 

•85 

14    0 

3     49-9 

•28 

7-70 

•469 

10 

6     28 

•7 

131 

•83 

10 

3    47'1 

•28 

7'61 

•464 

20 

6     21 

•7 

12-8 

•82 

20 

3    44'4 

•27 

7-52 

•458 

30 

6     14 

•7 

12-6 

•80 

30 

3    41-8 

•26 

7-43 

•453 

40 

6      7 

•7 

12-3 

•79 

40 

3     39-2 

•26 

7-34 

•448 

50 

6       0 

•6 

121 

•77 

50 

3     367 

•25 

7'26 

•444 

9     0 

5    54 

•6 

11-9 

•76 

15    0 

3    34-3 

•24 

7-18 

•439 

10 

5     47 

•6 

11-7 

•74 

30 

3    27-3 

•22 

6-95 

•424 

20 

5     41 

•6 

11-5 

•73 

16     0 

3     20-6 

•21 

673 

•411 

30 

5     36 

•6 

11-3 

71 

30 

3     14-4 

•20 

6-51 

•399 

40 

5     30 

•5 

11-1 

•71 

17     0 

3       8'5 

•19 

6-31 

•386 

50 

5     25 

•5 

11-0 

•70 

30 

3      2-9 

•18 

6-12 

•374 

10     0 

5     20 

•5 

10-8 

•69 

18     0 

2    57-6 

•17 

5-98 

•362 

10 

5     15 

•5 

10-6 

•67 

19     0 

2    47-7 

•16 

5'61 

•340 

20 

5     10 

•5 

10-4 

•65 

20     0 

2    387 

•15 

5-31 

•322 

30 

5      5 

•5 

10-2 

•64 

21     0 

2    30-5 

•13 

5-04 

•305 

40 

5      0 

•5 

10-1 

•63 

22     0 

2    23-2 

•12 

4-79 

•290 

50 

4    56 

•4 

9'9 

•62 

23     0 

2    16-5 

•11 

4-57 

•276  . 

11     0 

4    51 

•4 

9-8 

•60 

24     0 

2     101 

•10 

4-35 

•264 

10 

4    47 

•4 

9'6 

•59 

25     0 

2      4-2 

•09 

4-16 

•252 

20 

4     43 

•4 

9-5 

•58 

26     0 

1     58-8 

•09 

3-97 

•241 

30 

4     39 

•4 

9'4 

•57 

27     0 

1     53-8 

•08 

3-81 

•230 

40 

4    35 

•4 

9'2 

•56 

28     0 

1     49-1 

•08 

3-65 

•219 

50 

4     31 

•4 

9-1 

•55 

29     0 

1     447 

•07 

3-50 

•209 

12     0 

4     28-1 

•38 

9-00 

•556 

30    0 

1     40-5 

•07 

3-36 

•201 

10 

4     24-4 

•37 

8-86 

•548 

31     0 

1     36-6 

•06 

3-23 

•193 

20 

4     20-1 

•36 

874 

•541 

32     0 

1     33-0 

•06 

3  11 

•186 

30 

4    17-3 

•35 

8-63 

•533 

33     0 

1     295 

•06 

2-99 

•179 

40 

4    13-9 

•33 

8-51 

•524 

34     0 

1     261 

•05 

2-88 

•173 

50 

4    107 

•32 

8'41 

•517 

35     0 

1     23-0 

•05 

278 

•167 

13     0 

4      7-5 

•31 

8'30 

•509 

36     0 

1     20-0 

•05 

2'68 

•161 

10 

4      4-4 

•31 

8-20 

•503 

37     0 

1     17-1 

•05 

2-58 

•155 

20 

4      1-4 

•30 

8-10 

•496 

38     0 

1     14-4 

•05 

2-49 

•149 

30 

3    58-4 

•30 

8-00 

•490 

39     0 

1     11-8 

•04 

2-40 

•144 

40 

3    55-5 

•29 

7-89 

•482 

40     0 

1      9-3 

•04 

2-32 

•139 

50 

3    52-6 

•29 

779 

•476 

41     0 

1      6-9 

•04 

2-24 

•134 

£'..6 


TABLE   IV.— continued. 


Barometer,  30  in.  )                                                                         (  Thermometer,  50°. 
+  when  above.     [•          TABLE  OF  REFRACTIONS.          ]     —  when  aboye. 
—  when  below.     )                                                                      (      +  when  below. 

A$: 

Refr. 
B.  30. 
Th.  50°. 

Difference  to  be 
allowed  for. 

IT 

0 

70 

Refr. 
B.  30. 
Th.  50°. 

Difference  to  be 
allowed  for. 

1'  Alt. 

+  1B. 

-l°Th. 

1'  Alt. 

+  1  B. 

-l°Th. 

0  21-2 

•020 

•71 

a 
•043 

40 

1     9-3 

•040 

2-32 

•139 

41 

U6-9 

•040 

2-24 

•134 

71 

0  19-9 

•020 

•67 

•040 

42 

1     4-6 

•038 

2-16 

•130 

72 

0  18-8 

•019 

•63 

•038 

43 

1     2-4 

•036 

2-09 

•125 

73 

0  177 

•018 

•59 

•036 

44 

1     0-3 

•034 

2-02 

•120 

74 

0  16-6 

•018 

•56 

•033 

45 

0  58-1 

•034 

1-94 

•117 

75 

0  15-5 

•018 

•52 

•031 

46 

0  561 

•033 

1-88 

•112 

76 

0  14-4 

•018 

•48. 

•029 

47 

0  54-2 

•032 

1-81 

•108 

77 

0  13-4 

•017 

•45 

•027 

48 

0  52-3 

•031 

175 

•104 

78 

0  12-3 

•017 

•41 

•025 

49 

0  50-5 

•030 

1-69 

•101 

79 

0  11-2 

•017 

•38 

•023 

50 

0  48-8 

•029 

1-63 

•097 

80 

0  10-2 

•017 

•34 

•021 

51 

0  47-1 

•028 

1-58 

•094 

81 

0     9-2 

•017 

•31 

•018 

52 

0  45-4 

•027 

1-52 

•090 

82 

0    8-2 

•017 

•27 

•016 

53 

0  43-8 

•026 

1-47 

•088 

83 

0    71 

•017 

•24 

•014 

54 

0  42-2 

•026 

1-41 

•085 

84 

0    6-1 

•017 

•20 

•012 

55 

0  40-8 

•025 

1-36 

•082 

85 

0    5-1 

•017 

•17 

•010 

56 

0  39-3 

•025 

1-31 

•079 

86 

0    41 

•017 

•14 

•008 

57 

0  37-8 

•025 

1-26 

•076 

87 

0     31 

•017 

•10 

•006 

58 

0  36-4 

•024 

1-22 

•073 

88 

0    2-0 

•017 

•07 

•004 

59 

0  35-0 

•024 

117 

•070 

89 

0    I'O 

•017 

•03 

•002 

60 

0  33-6 

•023 

112 

•067 

61 

0  32-3 

•022 

1-08 

•065 

62 

0  31-0 

•022 

1-04 

•062 

63 

0  297 

•021 

•99 

•060 

64 

0  28-4 

•021 

•95 

•057 

65 

0  27-2 

•020 

•91 

•055 

66 

0  25-9 

•020 

•87 

•052 

67 

0  24-7 

•020 

•83 

•050 

68 

0  23-5 

•020 

•79 

•047 

69 

0  22-4 

•020 

•75 

•045 

297 


TABLE  Y. 


TABLE  VI. 


Contraction  of  Semidiameters  of  Q  and  ]) 
from  Refraction. 

Inclirj.  of  Semid. 
to  Horizon. 

App.  Alt.  of  0  or  J)  . 

7 

10 

12 

14 

20 

32 

20 

0 

0 

0 

0 

0 

0 

0 

0 

9 

1 

0 

0 

0 

0 

0 

0 

15 

2 

1 

0 

0 

0 

0 

0 

24 

3 

1 

1 

1 

0 

0 

0 

30 

4 

2 

1 

1 

1 

0 

0 

36 

5 

3 

2 

1 

1 

0 

0 

42 

6 

4 

2 

2 

1 

0 

0 

48 

8 

4 

3 

2 

1 

0 

0 

54 

9 

5 

4 

3 

1 

1 

0 

60 

11 

6 

4 

3 

2 

1 

0 

66 

12 

6 

5 

3 

2 

1 

0 

72 

13 

7 

5 

4 

2 

1 

0 

90 

14 

8 

5 

4 

2 

1 

0 

O  Semidiameter. 

Days. 

Jan. 

July. 

/     M 

/   n 

1 

16  18 

15  46 

11 

16  17 

15  46 

21 

16  17 

15  46 

Feb. 

August. 

1 

16  15 

15  47 

11 

16  13 

15  49 

21 

16  11 

15  51 

March. 

Sept. 

1 

16  10 

15  53 

11 

16   7 

15  56 

21 

16   4 

15  58 

April. 

Oct. 

1 

16   1 

16   1 

11 

15  58 

16   3 

21 

15  55 

16   7 

May. 

Nov. 

1 

15  53 

16   9 

11 

15  51 

16  12 

21 

15  49 

16  14 

June. 

Dec. 

1 

15  48 

16  16 

11 

15  46 

16  17 

21 

15  46 

16  18 

TABLE   VII. 

AUGMENTATION    OF     })'s    SEMIDIAMETEK    ACCORDING    TO    HER 
INCREASE    IN    ALTITUDE. 

The  moon's  horizontal  semidiameter  is  found  in  page  3  of  each  month  in  the 
Nautical  Almanac,  for  every  day  at  mean  noon  and  midnight  at  Greenwich ;  and 
the  Sun's  in  page  2,  for  every  mean  noon. 


Moon's 
app. 
Altitude. 

Horizontal  Semidiameter. 

14'     30" 

15'    0" 

15'     30" 

16'     0' 

16'     30" 

17'       0" 

o 

0 

o-oo 

o-oo 

o-oo 

n 

o-oo 

o-oo 

n 

o-oo 

3 

071 

0-75 

0-80 

0-86 

0-92 

0-97 

6 

1-41 

1-50 

1-60 

171 

1-83 

]-94 

9 

2-11 

2-25 

2-40 

2-56 

2-73 

2-90 

12 

2-81 

3-00 

3-20 

3-41 

3-63 

3-86 

15 

3-50 

3-74 

3-99 

4-25 

4-52 

4-80 

18 

4-17 

4-46 

4-76 

5-07 

5-39 

5-73 

21 

4-84 

5-18 

5-52 

5-89 

6-26 

6-65 

24 

5-49 

5-88 

6-27 

6-68 

7-11 

7-54 

27 

6-13 

6-56 

7-00 

7-46 

7-93 

8-42 

30 

675 

7-23 

7-71 

8-22 

8-74 

9-28 

33 

7-35 

7-88 

8-40 

8-96 

9-52 

10-12 

36 

7-93 

8-50 

9-07 

9-67 

10-28 

10-92 

39 

8-49 

9-10 

9-72 

10-36 

11-02 

11-66 

42 

9-03 

9-68 

10-34 

11-02 

11-72 

12-44 

45 

9-55 

10-23 

10-93 

11-65 

12-39 

13-15 

48 

10-05 

10-76 

11-49 

12-25 

13-03 

13-83 

51 

10-52 

11-26 

12-02 

12-81 

13-63 

14-46 

54 

10-95 

11-72 

12-52 

13-34 

14-19 

15-06 

57 

11-35 

12-15 

12-98 

13-83 

14-72 

15-62 

60 

11-72 

12-55 

13-40 

14-29 

15-20 

16-13 

63 

12-06 

12-91 

13-79 

14-70 

15-64 

16-60 

66 

12-37 

13-24 

14-14 

15-08 

16-04 

17-03 

69 

12-64 

13-53 

14-46 

15-41 

16-39 

17-40 

72 

12-88 

13-79 

14-73 

15-70 

1670 

17-73 

75 

13-08 

14-01 

14-96 

15-95 

16-96 

18-01 

78 

13-24 

14-18 

15-15 

16-15 

17-18 

18-24 

81 

13-37 

14-32 

15-30 

16-31 

17-35 

18-42 

84 

13-46 

14-42 

15-41 

16-42 

17-47 

18-55 

87 

13-52 

14-48 

15-47 

16-49 

17-54 

18-62 

90 

13-54 

14-50 

15-49 

16-51 

17-57 

18-65 
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TABLE  VIII. 


PARALLAX  OF  THE  SUN  ON  THE  FIRST  DAY  OF  EACH  MONTH,  THE 
MEAN  HORIZONTAL  PARALLAX  BEING  8"'60. 


Altitude. 

Jan. 

Feb. 
Dec. 

March 
Nov. 

April 
Oct. 

May 

Sept. 

June 
Aug. 

July. 

0 

„ 

rr 

„ 

a 

rr 

n 

n 

90 

o-oo 

o-oo 

o-oo 

o-oo 

o-oo 

o-oo 

o-oo 

85 

076 

0-76 

076 

075 

074 

074 

074 

80 

1-52 

1-52 

1-51 

1-49 

1-48 

1-47 

1-47 

75 

2'26 

2-26 

2-25 

2-23 

2-21 

2-19 

2-19 

70 

2-99 

2-98 

2-97 

2-94 

2-92 

2-90 

2-89 

65 

370 

3-69 

3-67 

3-63 

3-60 

3-58 

3-57 

60 

4-37 

4-36 

4-34 

4-30 

4-26 

4-24 

4-23 

55 

5-02 

5-01 

4-98 

4-93 

4-89 

4-86 

4-85 

50 

5-62 

5-61 

5-58 

5-53 

5-48 

5-45 

5-44 

45 

6-19 

6-17 

613 

6-08 

6-03 

5-99 

5-98 

40 

670 

6-68 

6-64 

6-59 

6-53 

6-49 

6-48 

35 

7-17 

7-15 

7-11 

7*04 

6-99 

6-94 

6-93 

30 

7-58 

7-56 

7-51 

7-45 

7-39 

7-34 

7-33 

25 

7-93 

7-91 

7-86 

779 

773 

7-68 

7-67 

20 

8-22 

8-20 

8-15 

8-08 

8-01 

7-97 

7-95 

15 

8'45 

8-43 

8-38 

8-30 

8-24 

8-19 

8-17 

10 

8-62 

8-59 

8-54 

8-47 

8-40 

8-35 

8-33 

5 

873 

8-69 

8-64 

8-56 

8-50 

8-44 

8-42 

0 

875 

8-73 

8-67 

8-60 

8-53 

8-48 

8-46 

The  Sun's  Horizontal  Parallax  is  also  given  for  every  ten  days,  in  the  "  Nautical 
Almanac, "  immediately  before  the  ephemeris  of  the  planets. 

The  Sun's  Parallax  in  Altitude,  for  every  degree,  is  given  in  the  last  of  Dr. 
Pearson's  "Solar  Tables,"  vol.  i.  page  180. 
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TABLE  IX. 

REDUCTION  OF  THE  MOON'S  EQUATORIAL  HORIZONTAL  PARALLAX 
TO  THE  HORIZONTAL  PARALLAX  IN  ANY  LATITUDE. 


Latitude. 

HORIZONTAL  PARALLAX. 

54' 

56' 

58' 

60' 

62' 

0 

0 

o-o 

00 

o-o 

o-o 

o-o 

8 

0-2 

02 

0-2 

0-2 

0-2 

16 

0-8 

0-8 

0-9 

0-9 

0-9 

20 

1-3 

1-3 

1-4 

1-4 

1-5 

24 

1-8 

1-9 

1-9 

2-0 

2-0 

28 

2-4 

2-5 

2-6 

2-6 

27 

32 

3-0 

3-1 

3-3 

3-4 

3-5 

36 

37 

3-9 

4-0 

4-1 

4-3 

40 

4-5 

4-6 

4-8 

5-0 

51 

44 

5-2 

5-4 

5'6 

5-8 

6'0 

48 

6-0 

6'2 

6-4 

6-6 

6-8 

52 

67 

7-0 

7'2 

7-4 

7'6 

56 

7-4 

77 

8-0 

8-2 

8-5 

60 

8-1 

8-4 

87 

9-0 

9-3 

64 

87 

91 

9'4 

97 

10-0 

68 

9-3 

9-6 

10-0 

10-3 

10-6 

72 

9'8 

10-1 

10-4 

10-8 

11  -a 

76 

10-2 

10-6 

10-9 

11  3 

117 

84 

107 

11-1 

11-5 

11-9 

12-0 

90 

10-8 

11-2 

11-6 

12-0 

12-4 

The  Moon's  Horizontal  Parallax,  given  in  the  third  page  of  each  month  in  the 
Nautical  Almanac  for  noon  and  midnight,  is  the  equatorial  parallax  for  Greenwich 
mean  noon  and  midnight;  from  thence  it  is  to  be  deduced  for  the  time  and  place  of 
observation.  The  correction  for  latitude,  on  account  of  the  spherical  figure  of  the 
earth,  is  seldom  thought  of  at  sea,  but  can  be  made  from  the  table  above.  Thus, 
supposing  the  hor.  equat.  par.  to  be  58' ;  the  hor.  par.  in  lat.  52°  would  be  58 "'2  = 
57' 52 "-8. 

This  reduced  hor.  par.  is  to  be  farther  corrected  for  altitude  by  means  of  tables  for 
that  purpose  (see  Pearson,  vol.  i.  pages  188  to  196  :  and  Riddle,  pages  156*  to  173)  ,- 
or  by  the  following  rule  :— sin  hor.  par.  x  cos  alt.  =  sin  par.  in  alt. 

*  Riddle's  tables  are  for  clearing  the  lunar  distance,  and  the  corrections  are  for 
both  parallax  and  refraction. 
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TABLE  X. 


PARALLAX  OF  THE  PLANETS  IN  ALTITUDE. 


App. 

Alt. 

PLANET'S  HORIZONTAL  PARALLAX. 

5 

7 

II 

9 

ii 
11 

ii 
13 

a 
15 

» 
17 

ii 
19 

ii 
21 

23 

25 

n 

27 

29 

31 

0 

1 

5 

7 

9 

n 
11 

13 

15 

17 

19 

21 

n 
23 

25 

27 

n 
29 

n 
31 

10 

I 

3 

5 

7 

9 

11 

13 

15 

17 

19 

21 

23 

25 

27 

29 

30 

20 

t 

3 

> 

7 

9 

10 

12 

14 

16 

18 

20 

22 

24 

25 

27 

29 

25 

1 

3 

5 

6 

8 

10 

12 

14 

15 

17 

19 

21 

23 

24 

26 

28 

30 

1 

3 

4 

6 

8 

10 

11 

13 

15 

16 

18 

20 

22 

23 

25 

27 

33 

1 

2 

4 

3 

8 

9 

11 

13 

14 

16 

18 

19 

21 

23 

24 

26 

36 

1 

2 

4 

6 

7 

9 

11 

12 

14 

15 

17 

19 

20 

22 

23 

25 

39 

1 

2 

4 

5 

7 

9 

10 

12 

13 

15 

16 

18 

19 

21 

23 

24 

42 

1 

2 

4 

5 

7 

8 

10 

11 

13 

14 

16 

17 

19 

20 

22 

23 

45 

1 

2 

4 

5 

6 

8 

9 

11 

12 

13 

15 

16 

18 

19 

21 

22 

48 

1 

2 

3 

5 

6 

7 

9 

10 

11 

13 

14 

15 

17 

18 

19 

21 

51 

1 

2 

3 

4 

6 

7 

8 

9 

11 

12 

13 

14 

16 

17 

18 

20 

54 

1 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

14 

15 

16 

17 

18 

57 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

14 

15 

16 

17 

60 

1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

63 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

10 

11 

12 

13 

14 

66 

0 

1 

2 

3 

4 

4 

5 

6 

7 

8 

9 

9 

10 

11 

12 

13 

69 

0 

1 

2 

3 

3 

4 

5 

5 

6 

7 

8 

8 

9 

10 

10 

11 

72 

0 

1 

2 

2 

3 

3 

4 

5 

5 

6 

6 

7 

8 

8 

9 

10 

75 

0 

1 

1 

2 

2 

3 

3 

4 

4 

5 

5 

6 

6 

7 

8 

8 

78 

0 

1 

1 

1 

2 

2 

3 

3 

4 

4 

4 

5 

5 

6 

6 

6 

81 

0 

0 

1 

1 

1 

2 

2 

2 

3 

3 

3 

4 

4 

4 

5 

5 

84 

0 

0 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

3 

3 

3 

3 

87 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

90 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

The  Parallaxes  and  Semidiameters  of  the  Planets  are  given  in  the    ' '  Nautical 
Almanac." 
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TABLE  XL 

DIP  OF  THE   SEA  HORIZON. 


Height  o 
the  Eye 
in  Feet. 

Dip. 

Height  of 
the  Eye 
in  Feet. 

Dip. 

Height  of 
the  Eye 
in  Feet. 

Dip. 

Height  of 
the  Eye 
in  Feet. 

Dip. 

1 

/  a 
0  59 

18 

4  11 

35 

i   a 
5  49 

86 

/     H 

9  8 

2 

1  24 

19 

4  17 

38 

6  4 

89 

9  17 

3 

1  42 

20 

4  24 

41 

6  18 

92 

•  9  26 

4 

1  58 

21 

4  31 

44 

6  32 

95 

9  36 

5 

2  12 

22 

4  37 

47 

6  45 

98 

9  45 

6 

2  25 

23 

4  43 

50 

6  58 

101 

9  54 

7 

2  36 

24 

4  49 

53 

7  10 

104 

10  2 

8 

2  47 

25 

4  55 

56 

7  22 

107 

10  11 

9 

2  57 

26 

5  1 

59 

7  34 

110 

10  19 

10 

3  7 

27 

5  7 

62 

7  45 

113 

10  28 

11 

3  16 

28 

5  13 

65 

7  56 

116 

10  36 

12 

3  25 

29 

5  18 

68 

8  7 

119 

10  44 

13 

3  33 

30 

5  24 

71 

8  18 

122 

10  52 

14 

3  41 

31 

5  29 

74 

8  28 

125 

11  0 

15 

3  49 

32 

5  34 

77 

8  38 

128 

11  8 

16 

3  56 

33 

5  39 

80 

8  48 

131 

11  16 

17 

4  4 

34 

5  44 

83 

8  58 

134 

11  24 

TABLE  XII. 

DIP   OF   THE    SEA   HORIZON  AT  DIFFERENT   DISTANCES   FROM   IT. 


Distance 
in  Miles. 

Height  of  the  Eye  in  Feet. 

5 

10 

15 

20 

25 

30 

0-25 

11 

22 

/ 

34 

/ 
45 

56 

/ 

68 

0-5 

6 

11 

17 

22 

28 

34 

0-75 

4 

8 

12 

15 

19 

23 

1-0 

4 

6 

9 

12 

15 

17 

1-25 

3 

5 

7 

9 

12 

14 

1-5 

3 

4 

6 

8 

10 

12 

2-0 

2 

3 

5 

6 

8 

10 

2-5 

2 

3 

5 

6 

7 

8 

3-0 

2 

3 

4 

5 

6 

7 

3-5 

2 

3 

4 

5 

6 

6 

4-0 

2 

3 

4 

4 

5 

6 

5-0 

2 

3 

4 

4 

5 

5 

6-0 

2 

3 

4 

4 

5 

5 
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TABLE   XIII. 

FOR  THE  REDUCTION   OF   THE  MERIDIAN, 

*  P 


Showing  the  value  of  A  = 


— 
sin  1 


Sec.  Om.  1m. 

2m. 

3m. 

4m. 

5m. 

6m. 

7m. 

8m. 

9m. 

lOrn. 

llm. 

12m. 

13m. 

14m. 

0 

a 

o-o 

2-0 

7-8 

177 

31-4 

491 

707 

96-2 

1257 

159-0 

196-3 

237-5 

2827 

331-8 

384-7 

1 

O'O 

2-0 

8-0 

17-9 

317 

49-4 

711 

967 

126-2 

159-6 

197-0 

238-3 

283-5 

332-6 

385-6 

2 

O'O 

•1 

81 

181 

31-9 

497 

71-5 

97'1 

1267 

160-2 

197-6 

239-0 

284-2 

333-4 

3866 

3 

o-o 

•2 

8'2 

18-3 

S2'2 

501 

71-9 

97'6 

127-2 

160-8 

198-3 

239-7 

285-0 

334-3 

387'5 

4 

o-o 

•2 

8'4 

18'5 

32-5 

50-4 

72'3 

98-0 

127'8 

161-4 

198-9 

240-4 

285'8 

335-2 

388-4 

5 

o-o 

•3 

8'5 

187 

327 

507 

727 

98-5 

128-3 

162-0 

199-6 

241-2 

286-6 

336-0 

3893 

6 

o-o 

•4 

87 

18-9 

33'0 

511 

731 

99-0 

128-8 

162-6 

200-3 

241-9 

287'4 

336  9 

390-2 

7 

o-o 

•4 

8'8 

191 

33'3 

51  4 

73'5 

99-4 

1293 

163-2 

200-9 

242'6 

288-2 

337-7 

391-1 

8 

O'O 

•5 

8'9 

19-3 

33-5 

517 

73-9 

99-9 

129-9 

163-8 

201-6 

243-3 

289-0 

338-6 

392-1 

9 

O'O 

•6 

91 

19-5 

33'8 

521 

74-3 

1004 

130-4 

164-4 

2022 

244-1 

289-8 

339-4 

393-0 

10 

01 

7 

9'2 

197 

341 

52-4 

747 

100-8 

131-0 

165-0 

202-9 

244-8 

290-6 

340-3 

393-9 

11 

o-i 

27 

9-4 

19-9 

34'4 

527 

751 

101-3 

131-5 

165-6 

203-6 

245-5 

291-4 

341-2 

394-8 

12 

01 

2'8 

9'5 

201 

34-6 

531 

75-5 

101-8 

132-0 

166-2 

204-2 

246-3 

292-2 

342-0 

395-8 

13 

o-i 

2'9 

9'6 

20-3 

34-9 

53-4 

75-9 

102-3 

132-6 

166-8 

204-9 

247-0 

293-0 

342-9 

3967 

14 

o-i 

3-0 

9'8 

20-5 

35-2 

53-8 

76-3 

102-7 

1331 

167'4 

205-6 

247'7 

293-8 

3437 

397-6 

15 

o-i 

31 

9-9 

207 

35-5 

541 

767 

103-2 

133-6 

]68'0 

206-3 

2485 

294-6 

344-6 

398-6 

16 

o-i 

31 

101 

20-9 

357 

54-5 

771 

1037 

134-2 

168-6 

206-9 

249-2 

295-4 

345-5 

399-5 

17 

0'2 

3'2 

10-2 

21-2 

36-0 

54-8 

77-5 

104-2 

134-7 

169-2 

207-6 

249'9 

296  -2 

3464 

400-5 

18 

0-2 

3-3 

10-4 

21-4 

36-3 

551 

77'9 

104-6 

135-3 

169-8 

208-3 

250-7 

297-0 

347-2 

401-4 

19 

0-2 

3*4 

10-5 

21-6 

36-6 

55-5 

78-3 

1051 

135-8 

170-4 

208-9 

2514 

297-8 

3481 

402-3 

20 

0-2 

3'5 

107 

21-8 

36-9 

55-8 

78'8 

105-6 

136-3 

171-0 

209-6 

252-2 

298'6 

349-0 

403-3 

21 

0-2 

3'6 

10-8 

22'0 

37-2 

56-2 

79'2 

106-1 

136-9 

171-6 

210-3 

253-0 

299-4 

349-8 

404-2 

22 

0-3 

37 

ll'O 

22-3 

37-4 

56-5 

79-6 

106-6 

137-4 

172-2 

211-0 

253-6 

300-2 

3507 

405-1 

23 

0-3 

3'8 

11-2 

22-5 

377 

56-9 

80-0 

107-0 

138'0 

172-9 

211  7 

254-4 

301-0 

351-6 

406-0 

24 

0-3 

3-8 

11-3 

22'7 

38-0 

57-3 

80-4 

107-5 

138-5 

173-5 

212-3 

255-1 

301-8 

352-5 

407-0 

25 

0-3 

3-9 

11-5 

22-9 

38-3 

57-6 

80-8 

lOS'O 

139-1 

1741 

213-0 

255-9 

302-6 

353-3 

408-0 

26 

0-4 

4-0 

11'6 

231 

386 

58-0 

81-3 

108-5 

139-6 

1747 

213*7 

256-6 

303-5 

354-2 

408-9 

27 

0-4 

41 

11-8 

23-4 

38-9 

58-3 

817 

109-0 

140-2 

175-3 

214-4 

257-4 

304-3 

3551 

409-9 

28 

0-4 

4'2 

11-9 

23-6 

39-2 

587 

821 

109-5 

1407 

175-9 

2151 

2581 

305-1 

356-0 

410-8 

29 

O-o 

4-3 

121 

23-8 

39-5 

59-0 

8-2-5 

110-0 

141-3 

176-6 

215-8 

258-9 

305-9 

356-9 

411-7 

30 

0-5 

4'4 

12-3 

24-0 

39-8 

59-4 

83-0 

110-4 

141-8 

177-2 

216-4 

259  6 

306-7 

3577 

412-7 

31 

0-5 

4'5 

12-4 

24-3 

401 

59-8 

83-4 

110-9 

142-4 

177-8 

2171 

260-4 

307-5 

358-6 

413-6 

32 

0-6 

4'6 

12-6 

24-5 

40-3 

601 

83-8 

111-4 

143-0 

178-4 

217-8 

261  1 

308-4 

359-5 

414-6 

33 

0-6 

47 

12-8 

247 

40-6 

60-5 

84-2 

Hl'9 

143-5 

179-0 

218-5 

261-9 

309-2 

360-4 

415-5 

34 

0-6 

4-8 

12-9 

25-0 

40'9 

60-8 

84-7 

112-4 

144-1 

1797 

219-2 

262-6 

310-0 

361-3 

416-5 

35 

0-7 

4-9 

131 

25'2 

41-2 

61-2 

851 

112-9 

144-6 

180-3 

219-9 

263-4 

310'8 

362-2 

417-5 

36 

0-7 

5-0 

13-3 

25-4 

41-5 

61-6 

85-5 

113-4 

145-2 

1809 

220-6 

264-1 

311-6 

363-1 

418-4 

37 

0-7 

51 

13-4 

257 

41-8 

61-9 

86-0 

113-9 

145-8 

181-6 

221-3 

264-9 

312'5 

364-0 

419-3 

38 

0-8 

5-2 

13-6 

25-9 

421 

62-3 

86'4 

114-4 

146-3 

182-2 

222-0 

265-7 

313-3 

364-8 

420-3 

39 

0-8 

5'3 

13-8 

42-5 

627 

86-8 

114-9 

1469 

182-8 

2227 

266-4 

3141 

365-7 

421-3 

40 

0-9 

5-4 

14-0 

26-4 

42-8 

63-0 

87-3 

115-4 

147-5 

183-5 

223-4 

267-2 

3150 

366-6 

422-2 

41 

0-9 

5-6 

141 

26-6 

431 

63-4 

877 

115-9 

148-0 

1841 

224-1 

267-9 

315-8  j  367-5 

423-2 

42 

1-0 

57 

14-3 

26-9 

43-4 

63'8 

881 

1164 

148-6 

184'7 

224-8 

268-7 

316-6 

3H8-4 

424-2 

43 

1-0 

5'8 

14-5 

271 

437 

64-2 

88-6 

116-9 

149-2 

185-4 

225-5 

269-5 

317-4 

369-3 

4251 

44 

11 

5-9 

147 

27'4 

44-0 

64-5 

89'0 

117'4 

149  7 

lb'6'0 

2-26-2 

270-3 

3183 

370-2 

4261 

45 

11 

6-0 

14-8 

27-6 

44-3 

64-9 

89-5 

117-9 

150-3 

186-6 

226-9 

271-0 

319-1 

3711 

4270 

46 

1-2 

61 

150 

27-9 

44-6 

65-3 

89-9 

118-4 

ISO'9 

187-3 

227-6 

271-8 

319-9 

372-0 

428-0 

47 

1-2 

6-2 

15-2 

281 

44-9 

657 

90-3 

118-9 

151-5 

187-9 

228-3 

272-6 

320-8 

372-9 

429-0 

48 

1-3 

6'4 

15-4 

28-3 

45-2 

66-0 

90-8 

119-5 

152-0 

188-5 

229-0 

273-3 

321-6 

3738 

429-9 

49 

1-3 

6-5 

15-6 

28-6 

45-5 

66-4 

91-2 

120-0 

152-6 

189-2 

229-7 

274-1 

322-4 

3747 

430-9 

50 

1'4 

6-6 

15-8 

28-8 

45-9 

66'8 

917 

120-5 

153'2 

189'8 

230-4 

274  9 

323-3 

375-6 

431-9 

51 

1-4 

67 

159 

291 

46-2 

67-2 

92-1 

121-0 

153-8 

190-5 

2311 

275-6 

324-1 

376-5 

432-8 

52 

1'5 

6-8 

161 

29-4 

46-5 

67-6 

92-6 

121-5 

154-4 

1911 

231-8 

276-4 

325-0 

377-4 

433-8 

53 

1-5 

7-0 

16-3 

29-6 

46-8 

68-0 

93-0 

122-0 

154-9 

191-8 

232-5 

277-2 

325-8 

378-3 

434-8 

54 

1-6 

71 

16-5 

29-9 

471 

68'3 

93-5 

122-5 

155-5 

192-4 

233-2 

278-0 

326-7 

379-3 

435-8 

55 

1-6 

7'2 

167 

301 

47'5 

687 

93-9 

123-1 

1561 

193-1 

234-0 

278-8 

327'5 

380-2 

436-7 

56 

17 

7-3 

16-9 

30-4 

47-8 

691 

94-4 

123'6 

156-7 

193-7 

234-7 

279-5 

328-4 

381-1 

4377 

57 

1-8 

7-5 

171 

30-6 

481 

69  '5 

94-8 

1241 

157-3 

194-4 

235  4 

280-3 

3-9-2 

382-0 

438-7 

58 

1-9 

7-6 

173 

30-9  i  48-4 

69-9 

953 

124-6 

157'8 

195-0 

2361 

2811 

330-0 

382-9 

4397 

59 

T9 

77 

17-5 

311    48-8 

70-3 

957 

1251 

158-4 

1957 

236-8 

381-9 

3309 

383  -8 

440-6 

Table  XVIII.  of  Mr.  Baily  extends  to  36  minutes  from  the  meridian. 
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TABLE  XIV. 

TO  COMPUTE  THE  EQUATION  OF  EQUAL  ALTITUDES. 


nter- 
val. 

Log.  A. 

Log.  B. 

Inter- 
val. 

Log.  A. 

Log.  B. 

Inter- 
val. 

Log.  A.  Log.  B. 

Inter- 
val. 

Log.  A. 

Log.  B. 

H.   M. 

H.    M. 

H.  M. 

H.  M. 

2    0 

7-7297 

7-7146 

4    0 

7-7447 

7-6823 

6    0 

77703 

7--6198 

8    0 

7-8072 

7-5062 

2 

•7298 

•7143 

2 

•7451 

•6815 

2 

•7708 

•6184 

2 

•8079 

•50:<6 

4 

•7300 

•7139 

4 

•7454 

•B807 

4 

•7713 

'6170 

4 

•8086 

•5010 

6 

•7302 

•7136 

6 

•7458 

•6800 

6 

•7719 

•6156 

6 

•8094 

•4983 

8 

•7304 

•7132 

8 

'7461 

•6792 

8 

•7724  - 

•6142 

8 

•8101 

•4957 

10 

•7305 

•7128 

10 

•7464 

•6784 

10 

•7729 

•6127 

10 

•810S 

•4930 

12 

•7307 

•7125 

12 

•7468 

•6776 

12 

•7735 

•6113 

12 

•8116 

•4902 

14 

•7309 

•7121 

14 

•7472 

•6768 

14 

•7740 

•6098 

14 

•8123 

•4874 

16 

•7311 

•7117 

16 

•7475 

•6759 

16 

•7745 

•6083 

16 

•8130 

•4846 

18 

•7313 

•7113 

18 

•7479 

•6751 

18 

•7751 

•6068 

18 

•8138 

•4818 

20 

•7315 

'7109 

20 

•7482 

•6743 

20 

•7756 

•6053 

•20 

•8145 

•4789 

22 

•7317 

•7105 

22 

•7486 

•6734 

22 

•7762 

•6038 

22 

•8153 

•4760 

24 

•7319 

•7101 

24 

•7490 

•6726 

24 

•7767 

•6023 

24 

•8160 

•4731 

26 

•7321 

•7097 

2(5 

•7494 

•6717 

26 

•7773 

•6007 

26 

•8168 

•47ol 

28 

•7323 

•7092 

28 

•7497 

•6708 

28 

•7779 

•5991 

"28 

•8176 

•4671 

30 

•7325 

•7088 

80 

•7501 

•6700 

30 

•7784 

•5975 

30 

•8183 

•4640 

32 

•73-27 

•7083 

32 

•7505 

•6691 

32 

•7790 

•5959 

32 

•8191 

•4609 

34 

•7329 

•7079 

34 

•7509 

•6682 

34 

•7796 

•5943 

34 

•8199 

•4578 

36 

•7331 

•7075 

36 

•7513 

•6673 

36 

•7801 

•5927 

36 

•8206 

•4546 

38 

•7333 

•7070 

38 

•7517 

•6663 

38 

•7807 

•5910 

38 

•8214 

•4514 

40 

•7336 

•7065 

40 

•7521 

•6654 

40 

•7813 

•5894 

40 

•8222 

•4482 

42 

•7338 

•7061 

42 

'7525 

•6645 

42 

•7819 

•5877 

42 

•8230 

•4449 

44 

•7340 

•7056 

44 

•7529 

•6635 

44 

•7825 

•58*50 

44 

•8238 

•4415 

46 

•7342 

•7051 

46 

•7533 

•6626 

46 

•7831 

•5843 

4fi 

•8246 

•4381 

48 

•7345 

•7046 

48 

•7537 

•6616 

48 

•7836 

•5825 

48 

•8254 

•4347 

50 

•7347 

•7041 

50 

•7541 

•6(506 

50 

•7842 

•5808 

50 

•8262 

•4312 

52 

•7349 

•7036 

52 

•7545 

•6597 

52 

•7848 

•5790 

52 

•8270 

•4277 

54 

•7352 

•7031 

54 

•7549 

•6587 

54 

•7854 

•5772 

54 

•8278 

•4241 

56 

•7354 

•7026 

56 

•7553 

•6577 

56 

•7860 

•5754 

56 

•8286 

•4205 

58 

•7357 

•7021 

58 

•7557 

•65G7 

58 

•7867 

•5736 

58 

•8294 

•4168 

3    0 

•7359 

•7015 

5    0 

•75R2 

•6556 

7    0 

•7873 

•5717 

9     0 

•8302 

•4131 

2 

•7362 

•7010 

2 

•7566 

•6546 

2 

•7879 

•5699 

2 

•8311 

•4093 

4 

•7364 

•7005 

4 

•7570 

•653*5 

4 

•7S85 

•5680 

4 

•8319 

•4055 

6 

•7367 

•6999 

6 

•7575 

•652.5 

6 

•7891 

•5661 

6 

•8328 

•4016 

8 

•7369 

•6993 

8 

•7579 

•6514 

8 

•7898 

•5641 

8 

•8336 

•3977 

10 

•7372 

•6988 

10 

•7583 

•6504 

10 

•7904 

•5622 

10 

•8344 

•3937 

12 

•7374 

•6982 

12 

•7588 

•6493 

12 

•7910 

•5602 

12 

•8353 

•3896 

14 

•7377 

•6976 

14 

•7592 

•6482 

14 

•7916 

•5582 

14 

•88«1 

•3855 

16 

•7380 

•6970 

16 

•7597 

•6471 

16 

•7923 

•5562 

16 

.    '8370 

•3813 

18 

•7383 

•6964 

18 

•7601 

•6460 

18 

•7929 

•5542 

18 

'  '8378 

•3771 

20 

•7386 

•6958 

20 

•7606 

•6448 

20 

•7936 

•5522 

20 

•8387 

•3728 

22 

•7388 

•6952 

22 

•7610 

•6437 

22 

•7942 

•5501 

22 

•8396 

•3684 

24 

•7391 

•6946 

24 

•7615 

•64-25 

24 

•7949 

•5480 

24 

•8404 

•'3639 

26 

•7394 

•6940 

26 

•7620 

•6414 

26 

•7955 

•5459 

26 

•8413 

•3594 

28 

•7397 

•6934 

28 

•7624 

•6402 

28 

•7962 

•5437 

28 

•8422 

•3548 

30 

•7400 

•6927 

30 

•7629 

•6390 

30 

•7969 

•5416 

30 

•8430 

'3501 

32 

•7103 

•6921 

32 

•7634 

•6378 

32 

•7975 

•5394 

32 

•8439 

•3454 

34 

•7406 

•6914 

34 

•7638 

•6366 

34 

•7982 

•5372 

34 

•8448 

•3406 

36 

•7409 

•6908 

36 

•7643 

•6354 

36 

•7989 

•5350' 

36 

•8457 

•3357 

38 

•7412 

•6901 

38 

•7648 

•6312 

38 

•7995 

•5327 

38 

•8466 

•3007 

40 

•7415 

•6894 

40 

•7653 

•6329 

40 

•8002 

•5304 

40 

•8475 

•3256 

42 

•7418 

•6888 

42 

•7658 

•6317 

42 

•8009 

•6281 

42 

•8484 

•3205 

44 

•7421 

•6S81 

44 

•7«63 

•6304 

44 

•8016 

•525S 

44 

•8493 

•3152 

46 

•7424 

•6874 

46 

•7668 

•6.'91 

46 

•8023 

•5234 

46 

•8502 

•3099 

48 

•7428 

•6867 

48 

•7673 

•6278 

48 

•8030 

•5211 

48 

•8511 

•3045 

50 

7428 

•6859 

50 

•7678 

•6265 

50 

•8037 

•518*5 

50 

•8520 

•2989 

52 

•7431 

•6852 

52 

•7683 

•6252 

52 

•8044 

•5162 

52 

•8530 

•2933 

54 

7437 

•6845 

54 

•7688 

•6239 

54 

•8051 

•5137 

54 

•8539 

•2876 

56 

•7441 

•6838 

56 

•7693 

•6225 

56 

•8058 

•5112 

56 

•8548 

•2817 

58 

•7444 

•6830 

58 

•7698 

•6212 

58 

•8065 

•5087 

58 

•8558 

•2758 

4    0 

7-7447 

7-6823 

6     0 

7'7703 

7-6198 

8    0 

7-8072 

7-5062 

10    0 

7-8567      7"2697 

In  Table  XVI.  of  Mr.  Baily,  the  Equation  of  equal  Altitudes  is  given  for  the  entire 
interval  of  24  hours,  but  it  is  seldom  required  beyond  the  above  limits. 
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TABLE   XV. 


LENGTH  OF  A  SECOND  OF  LATITUDE  AND  LONGITUDE  IN  FEET 
ON  THE  SUEFACE  OF  THE  EARTH,  THE  COMPRESSION  BEING 
TAKEN  AS 


Lat. 

1 

Seconds 
of  Longi- 
tude. 

Seconds 
of 
Latitude 

Lat. 

Seconds 
of  Longi- 
tude. 

Seconds 
of 
Latitude. 

Lat. 

Seconds 
of  Longi- 
tude. 

Seconds 
of 
Latitude. 

0 

101-42 

101-42 

25 

91-97 

101-60 

50 

65-32 

102-02 

1 

101-40 

26 

91-21 

51 

63-95 

2 

101.36 

27 

90-43 

52 

62-57 

3 

101-28 

28 

89-62 

53 

61-17 

4 

101-17 

29 

88-77 

54 

59-75 

5 

101-03 

101-43 

30 

87-90 

101-67 

55 

58-30 

102-11 

6 

100-87 

31 

87-01 

56 

56-84 

7 

100-67 

32 

86-09 

57 

55-37 

8 

100-44 

33 

85-14 

58 

53-87 

9 

100-18 

34 

84-17 

59 

52-36 

10 

99-89 

101-45 

35 

83-17 

101-75 

60 

50-84 

102-19 

11 

99-57 

36 

82-15 

61 

49-30 

12 

99-22 

37 

81-10 

62 

47-74 

13 

98-84 

38 

80-02 

63 

46-17 

14 

98-43 

39 

78-92 

64 

44-58 

15 

97-99 

101-49 

40 

77-80 

101-84 

65 

42-98 

102-26 

16 

97-52 

41 

76-65 

66 

41-37 

17 

97-02 

42 

75-48 

67 

3974 

18 

96-49 

43 

74-29 

68 

38-10 

19 

95-44 

44 

73-07 

69 

36-45 

20 

95-46 

101-54 

45 

71-83 

101-93 

70 

34-80 

102-40 

21 

94-74 

46 

70-57 

71 

33-12 

22 

94-09 

47 

69-29 

72 

31-43 

23 

93-41 

48 

67-99 

73 

29-74 

24 

92-70 

49 

66-66 

74 

28-04 

One  second  of  time,  at  the  Equator  =  1521  "3  feet,  or  507  yards. 

Puissant,  calculating  the  compression  from  the  measurement  of  the  great  arc  in 
France,  obtains  different  results  on  different  sides  of  the  Meridian  of  Paris,  making 
it  as  low  as  555  on  tne  si(ie  of  the  Atlantic,  and  J9  to  the  Eastward  ;  which  latter 
quantity  is  generally  assumed  on  the  Continent. 
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TABLE   XVI. 

CORRECTIONS   FOR   CURVATURE   AND   REFRACTION. 

Showing  the  difference  of  the  Apparent  and  True  Level  in  Feet,  and  Decimal  parts 
of  Feet,  for  Distances  in  Feet,  Chains,  and  Miles. 


Correction  in  Feet. 

1 

Correction  in  Feet. 

H 

Correction  in  Feet. 

Ol 

. 

a 

0    fl 

1 

o 

d 

o  id 

§ 

2 

g 

0    fl 

o 

o 

s->  o 

.2 

S->    O 

.a 

-| 

'.£ 

-I'-g 

.a 

§ 

~o 

11 

.a 

3 

3  •  rt 
-»j  -g 

M 

i 

t 

CH 

f>  g 

§ 

1 

1 

K           CC 

<§ 

j_i 

t« 

>  £ 

I 

5 

a 

&a 

1 

o 

p§ 

s§ 

rt 

3 

0 

& 

SA 

ij 

ft 

1 

1 

11 

to 

ft 

1 

1 

S-<  tj 

psl 

i 

1 

1 

O!H 

100 

•00024 

00004 

•00020 

1-0 

00010 

00001 

00009 

i 

•0417 

•0060 

•0357 

150 

•00054 

00008 

•00046 

1-5 

00024 

00003 

00021 

4 

•1668 

•0238 

•1430 

200 

•00096 

00013 

•00083 

2-0 

00042 

00006 

00036 

I 

•3752 

•0536 

•3216 

250 

•00149 

00021 

•00128 

2-5 

00065 

00009 

00056 

1 

•6670 

•0953 

•5717 

300 

•00215 

00031 

.00184 

3'0 

00094 

00013 

00081 

i* 

1-5008 

•2144 

1-2864 

350  '00293 

00042 

•00251 

3-5 

00128 

•00018 

00110 

2 

2-6680 

•3811 

2-2869 

400  -00383 

00055  -00328 

4-0 

00167 

•00024 

00143 

2| 

4-1688 

•5955 

3-5733 

450  '00484 

00069 

•00415 

4-5 

00211 

•00030 

00181 

3 

6-0030 

•8561 

5-1469 

500  -00598 

00085 

•00513 

5-0 

00261 

•00037 

00224 

34 

8-1708 

1-1673 

7-0035 

550  -00724 

00103 

•00621 

5-5 

00315 

•00045 

00270 

4 

10-6720 

1-5246 

9-1474 

600  -00861 

00123 

•00738 

6-0 

00375 

•00054 

00321 

44 

13-5468 

1-9295 

11-5773 

650  -01010 

00144 

•00866 

6-5 

•00440 

•00063 

00377 

5 

16-6750 

2-3821 

14-2929 

700  -01172 

00167 

•01005 

7-0 

•00511 

•00073 

00438 

5^ 

20-1769 

2-8824 

17-2945 

750  -01345 

00192 

•01153 

7-5 

•00586 

•00084 

00502 

6 

24-0120 

3-4303 

20-5817 

800  -01531 

00219  -01312 

8-0 

•00667 

•00095 

00572 

6j 

28-1809 

4-0258 

24-1551 

850  -01728 

00247  -01481 

8-5 

•00753 

•00108 

•00645 

7 

32-6830 

4-6690 

28-0143 

900-01938 

00277  -01661 

9-0 

•00844 

•00121 

•00723 

71 

37-5190 

5-3599 

32-1591 

950  -02159 

00308  -01851 

9-5 

•00940 

•00134 

•00806 

8 

42-6880 

6-0997 

36-5883 

1000  -02392 

00333  -02059 

10-0 

•01042 

•00149 

•00893 

84 

48-1910 

6-8844 

41-3066 

1050 

•02638 

00377  -02261 

10-5 

•01149 

•00164 

•00985 

9 

54-0270 

7-7181 

46-3089 

1100 

•02895 

00414  -02481 

ll'O 

•01261 

•00180 

•01081 

9? 

60-1971 

8-5996 

51-5975 

1150 

•03164 

00452  i  -02712 

11-5 

•01378 

•00197 

•01181  |  10 

667000 

9-5286 

57-1714 

1200 

•03445 

00492!  -02953  12-0 

•01501 

•00214 

•012871    11 

807070 

11-5296 

69-1774 

1250 

•03738 

00534  -03204 

12-5 

•01628 

•00233 

•01395  j  12 

96-0480 

13-7211 

82-3269 

1300 

•04043 

00578  -03465 

13'0 

•01761 

•00252 

•01509 

13 

112-7230 

16-1033 

96-6197 

1350 

•04361 

00623  -03738 

13'5 

•01899 

•00271 

•01628 

14 

130-7320 

18-6760 

112-0560 

1400 

•04689 

00670  i  -04019 

14-0 

•02043 

•00292 

•01751 

15 

150-0750 

21-4393 

128-6357 

1450 

•05030 

•00719  -04311 

14-5 

•02191 

•00313 

•01878 

16 

1707520 

24-3931 

146-3589 

1500 

•05383 

•00769-04614 

15-0 

•02345 

•00335 

•02010 

17    192-7630  27-5376  165-2254 

1550 

•05748 

•00821  i  -04927 

15-5 

•02504 

•00358 

•02146 

18 

216-1086  30-8727  185-2359 

1600 

•06125 

•00875:  -05250 

16-0 

•02668  '00381 

•02287 

19 

240-7870 

34-3981  206-3889 

1650 

•06514 

•00931-05583 

16-5 

•02837  '00405 

•02432 

20 

266-8000 

38-1143  228-6857 

1700  '06914 

•00988  -05926 

17-0 

•03012 

•00430 

•02582 

1750 

•07327 

•01047-06280 

17-5 

•03192 

•00456 

180C 

•07752 

•01107-06645 

18-0 

•03377 

•00482 

•02895 

185C 

•08188 

•01170  -07018 

18-5 

•03567 

•00509 

•03058 

190C 

>  -08637 

•01234-07403  19'0 

•03762 

•00537 

•03225 

195( 

)  '09098 

•01300  -07798  i|l9-5 

•03963 

•00566 

•03397 

2001 

)  '09570 

01367 

•08203:20-0 
|| 

•04169 

•00596 

•03573 
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TABLE  XVII. 

KEDUCTION   IN  LINKS  AND  DECIMALS  UPON   EACH   CHAIN'S  LENGTH 
FOR  THE   FOLLOWING   VERTICAL   ANGLES. 


Angle. 

Reduc- 
tion. 

Angle. 

Reduc- 
tion. 

Angle. 

Reduc- 
tion. 

Angle. 

Reduc- 
tion. 

0             / 

3     0 

•137 

0          1 

7  15 

•800 

11  45 

2-095 

0                / 

16     0 

3-874 

3  15 

•161 

7  30 

•856 

12     0 

2-185 

16  15 

8-995 

3  30 

•187 

7  45 

•913 

12  15 

2-277 

16  30 

4-118 

3  45 

•214 

8     0 

•973 

12  30 

2-370 

16  45 

4'243 

4     0 

•244 

8  15 

1-035 

12  45 

2-466 

17     0 

4-370 

4  15 

•275 

8  30 

1-098 

13     0 

2-553 

17  15 

4-498 

4  30 

•308 

8  45 

1-164 

13  15 

2-662 

17  30 

4-628 

4  45 

•343 

9     0 

1-231 

13  30 

2-763 

17  45 

4-760 

5     0 

•381 

9  15 

1-300 

13  45 

2-866 

18    0 

4-894 

5  15 

•420 

9  30 

1-371 

14     0 

2-970 

j  18  15 

5-030 

5  30 

•460 

9  45 

1-444 

14  15 

3-077 

1  18  30 

5-168 

5  45 

•503 

I  10    0 

1-519 

14  30 

3-185 

i  18  45 

5-307 

6     0 

•548 

10  15 

1-596 

14  45 

3-295 

19     0 

5-448 

6  15 

•594 

10  30 

1-675 

15     0 

3-407 

1  19  15 

5.591 

6  30 

•643 

10  45 

1755 

35  15 

3-521 

19  30 

5736 

6  45 

•693 

11     0 

1-837 

15  30 

3-637 

!  19  45 

5-882 

7    0 

•745 

11  15 

1-921 

15  45 

3-754 

\  20     0 

6-031 

11  30 

2-008 

TABLE  XVIII. 

RATIO   OF   SLOPES   FOR  THE   FOLLOWING   VERTICAL   ANGLES. 


To  one 

To  one 

To  one 

To  one 

Angle. 

perpen- 
dicular. 

Angle. 

perpen- 
dicular. 

Angle. 

perpen- 
dicular. 

Angle. 

perpen- 
dicular. 

0           / 

0          / 

0          / 

0          / 

0  15 

229 

3  35 

16 

8     8 

7 

18  26 

3 

0  30 

115 

3  49 

15 

8  45 

64 

19  59 

2f 

0  45 

76 

4     6 

14 

9  27 

6 

21  48 

24 

1     0 

57 

4  24 

13 

9  52 

5| 

23  58 

2* 

1  15 

46 

4  45 

12 

10  18 

54 

'.26  34 

2 

1  30 

39 

5     0 

11* 

10  47 

J4 

29  44 

It 

1  45 

33 

5  12 

11 

11  19 

5 

33  42 

14 

2     0 

28 

5  27 

104 

11  53 

4! 

38  40 

}I 

2  15 

25 

5  42 

10 

12  32 

44 

45    0 

1 

2  30 

23 

6     0 

94 

13  15 

4i 

53     8 

a 

4 

2  45 

21 

6  21 

9 

14     2 

4 

63  28 

3     0 

19 

6  43 

84 

14  55 

3| 

75  58 

f 

3  15 

18 

7    7 

8 

15  56 

34 

78  41 

•g 

3  28 

,     17 

7  36 

74 

17     6 

34 

x  2 
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TABLE  XIX. 

COMPARATIVE  SCALE    OF    FAHRENHEIT'S,   REAUMUR'S,  AND  THE 
CENTESIMAL   THERMOMETERS. 


Fah 

Reau. 

Cent. 

Fah 

Reau. 

Cent. 

Fah. 

Reau. 

Cent. 

Fah 

Reau. 

Cent. 

0 

14-2 

17-8 

25 

31 

3-9 

50 

8-0 

10-0 

75 

H 

191 

23'9 

1 

13-8 

17-2 

26 

27 

3-3 

51 

8-4 

10-6 

76 

19-6 

24-4 

2 

13-3 

167 

27 

2-2 

2-8 

52 

8-9 

111 

77 

20-0 

25-0 

3 

12-9 

161 

28 

1-8 

2-2 

53 

9-3 

117 

78 

20-4 

25-6 

4 

12-5 

15-6 

29 

1-3 

17 

54 

9-8 

12-2 

79 

20-9 

261 

5 

12-0 

15-0 

30 

0-9 

11 

55 

10-2 

12-8 

80 

21-3 

267 

6 

11-6 

14-4 

31 

0-4 

0-6 

56 

107 

13-3 

81 

21-8 

27-2 

7 

111 

13-9 

32 

o-o 

o-o 

57 

111 

13-9 

82 

22-2 

27-8 

8 

107 

13-3 

33 

0-4 

0-6 

58 

11-6 

14-4 

83 

227 

28-3 

9 

10-2 

12-8 

34 

0-9 

11 

59 

12-0 

15-0 

84 

231 

28-9 

10 

9-8 

12-2 

35 

1-3 

17 

60 

12-4 

15-6 

85 

23-6 

29-4 

11 

9-3 

117 

36 

1-8 

2-2 

61 

12-9 

161 

86 

24-0 

30-0 

12 

8-9 

111 

37 

2-2 

2-8 

62 

13'3 

167 

87 

24-4 

30-6 

13 

8-4 

10-6 

38 

27 

3-3 

63 

13-8 

17-2 

88 

24-9 

311 

14 

8-0 

10-0 

39 

31 

3-9 

64 

14-2 

17-8 

89 

25-3 

317 

15 

7-6 

9-4 

40 

3-6 

4-4 

65 

147 

18-3 

90 

25-8 

32-2 

16 

71 

8-9 

41 

4-0 

5-0 

66 

151 

18'9 

91 

26-2 

32-8 

17 

67 

8-3 

42 

4-4 

5'6 

67 

15'6 

19-4 

92 

267 

33-3 

18 

6-2 

7'8 

43 

4-9 

61 

68 

16-0 

20'0 

93 

271 

33-9 

19 

5-8 

7-2 

44 

5-3 

67 

69 

16-4 

20-6 

94 

27'6 

34-4 

20 

5'3 

67 

45 

5'8 

7*2 

70 

16-9 

211 

95 

28-0 

35-0 

21 

4-9 

61 

46 

6-2 

7'8 

71 

17-3 

217 

96 

28-4 

35-6 

22 

4.4 

5-6 

47 

67 

8-8 

72 

17-8 

22-2 

97 

28-9 

361 

23 

4-0 

5'0 

48 

71 

8-9 

73 

18-2 

22-8 

98 

29-3 

367 

24 

3-6 

4'4 

49 

7-6 

9-4 

74 

187 

23-3 

99 

29-8 

37-2 

The  following  formula  will  serve  for  the  comparison  of  these  Thermometers  :  — 

F  =  f  C  +  32  =  f  R  +  32 
C  =  §(F-  32)  =  f  R 
R  =  KF-32)  =  |  C 

Freezing  point  Boiling  point 

Fahrenheit        .         .         .32°        .         .         .212° 
Reaumur       .         .         .     .       0  ....       80 


Centigrade 


0 


100 


The  Logarithms  answering  to  every  degree  of  the  graduations  of  the  above  Thermo- 
meters  will  be  found  at  page  296,  vol.  i.,  of  Dr.  Pearson's  "  Practical  Astronomy." 
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TABLE  XX. 

COMPARATIVE   SCALE   OF   BAROMETERS. 


English. 

French. 

Inches. 

Inches. 

Lines. 

Millimetres. 

29-0 

27 

2-53 

736-6 

291 

27 

3-65 

739-1 

29-2 

27 

478 

7417 

29-3 

27 

5-90 

744-2 

29-4 

27 

7-03 

746-8 

29-5 

27 

8-16 

749-3 

29-6 

27 

9-28 

751-8 

297 

27 

10-41 

754-4 

29-8 

27 

11-53 

756-9 

29-9 

28 

0-66 

759-5 

30-0 

28 

179 

762-0 

30-1 

28 

2-91 

764-5 

30-2 

28 

4-04 

767-1 

30-3 

28 

5-16 

769-6 

30-4 

28 

6-29 

772-2 

30-5 

28 

7-42 

7747 

30-6 

28 

8-55 

777-3 

307 

28 

9-67 

779-8 

30-8 

28 

10-80 

782-3 

30-9 

28 

11-93 

784-8 

31-0 

29 

1-05 

787-4 
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DESCRIPTION   OF   THE   PEDIOMETER  AND 
COMPUTING  SCALE. 


THESE  instruments  are  used  for  determining  the  areas  of  Plans 
without  calculation — whereby  a  saving  is  effected  of  more  than 
half  the  time  consumed  in  computation,  and  the  liability  to  error 
is  very  materially  diminished. 


THE   PEDIOMETER. 


The  instrument  consists  of  a  square,  and  a  graduated  scale, 
corresponding  with  that  of  the  survey. 

a — The  milled  head,  by  turning  which,  motion  is  given  to  the 
brass  slider  B,  and  the  two  pointers  R  and  W. 

I — The  index  to  be  placed  in  coincidence  with  the  —  division 
upon  the  scale. 


312  DESCRIPTION   OF  THE   PEDIOMETER. 

When  the  brass  slider  B  is  in  contact  with  A,  I  coinciding  with 
—  division,  and  R  and  W  pointing  to  0  upon  their  respective 
scales,  the  instrument  is  in  adjustment. 

When  deranged,  restore  it,  by  opening  R  and  W  to  the  proper 
distance,  and  then  moving  A  and  I,  the  former  into  contact  with 
B,  and  the  latter  into  coincidence  with  — 

Required  the  content  of  the  trapezium  E  C  F  D. 

1st. — Place  the  edge  A  upon  the  point  E,  and  open  B  to  the 
point  F. 

2nd.— Press  the  square  firmly  down  with  the  right  hand,  and 
with  the  left  place  the  scale  against  the  edge  of  it,  as  shown  in  the 
figure. 

3rd. — Now  press  the  scale  firmly,  and  slide  the  square  up,  until 
the  edge  A  B  is  upon  the  point  C. 

4th. — Press  the  square  firmly,  and  slide  the  scale  against  its  edge 
until  —  coincides  with  I. 

Finally. — Press  the  scale  and  slide  the  square  down  until  the 
edge  A  B  is  upon  the  point  D,  and  taking  out  the  numbers  to 
which  W  and  R  point,  subtract  the  latter  from  the  former,  and 
the  contents  in  acres  and  decimal  parts  of  an  acre  will  at  once  be 
given. 

The  red  pointer  directs  to  the  numbers  that  are  to  be  taken 
rom  the  red  scale,  and  the  white  one  to  those  upon  the  white 
scale. 

When  the  pointers  fall  exactly  upon  the  line  engraved  on  the 

ivory  edge  of  the  scale,  the  folding  leaf  is  to  be  doubled  down  to 

{£ih 
the  left  hand ;  but  when  the' pointers  fall  between  any  two  of  the 

lines  on  the  ivory  edge/ the  folding  leaf  must  then  be  doubled  over 
to  the  right  hand  before  the  numbers  are  read  off. 

For  instance,  when  the  leaf  is  turned  to  the  left  and  the  red 
pointer  falls  between  the  two  lines  which  refer  to  '008  and  '013, 
turn  the  folding  leaf  to  the  right  hand,  and  the  pointer  will 
read  010. 

It  will  be  found  most  convenient  and  most  accurate  in  practice 
to  take  the  shortest  diagonal  for  the  line  E  F. 
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THE   COMPUTING   SCALE. 

This  instrument  answers  the  same  purpose  of  giving  mechani- 
cally the  contents  of  enclosures  as  the  Pediometer,  but  is  more 
simple  in  its  construction  and  principle  of  operation. 

It  consists  of  a  scale  divided  for  its  whole  length  from  the  zero 
point  into  divisions,  each  representing  2J  chains,  and  is  used  with 
a  sheet  of  transparent  tracing  paper,  ruled  with  parallel  lines  at 
equidistant  intervals  of  one  chain. 


C C C I3-    r-   I1 C I3     I4     I1     I2     I3 


Ji [±__l3 I? 


The  slider  B,  which  moves  along  the  scale,  has  a  wire  drawn 
across  its  centre  at  right  angles  to  its  line  of  motion  ;  and  on  each 
side  of  this  wire  a  distance  equal  to  one  of  the  primary  divisions 
of  2J  chains  is  laid  off,  and  divided  into  40  parts.  It  is  evident, 
then,  that  during  the  passage  of  the  slider  over  one  of  the  divi- 
sions of  2J-  chains,  one  rood  has  been  measured  between  two  of  the 
parallel  lines  on  the  tracing  paper ;  and  that  one  of  the  smaller 
divisions  would  measure  between  the  same  parallels  one  perch. 
Four  of  the  larger  divisions  give  one  acre;  and  the  scale  itself, 
generally  made  long  enough  to  measure  at  once  five  acres,  is  thus 
used.  Lay  the  transparent  paper  over  the  enclosure  the  content 
of  which  is  required,  in  such  a  position  that  two  of  the  ruled  lines 
shall  touch  two  of  the  exterior  points  of  the  boundaries,  as  at 
a  and  b. 

Lay  the  scale,  with  the  slider  set  to  zero,  over  the  tracing 
paper,  in  a  direction  parallel  to  the  lines,  and  so  placed  that  the 
portions  c  and  d  are  estimated  by  the  eye  as  equal  to  each  other. 
Holding  the  scale  steady,  move  on  the  sliding  frame  until  the 
equality  of  the  portions  e  and  /  are  also  estimated.  With  the 
slider  kept  at  this  mark,  move  the  scale  bodily  down  the  space  of 
one  of  the  ruled  lines  (one  chain),  and  commencing  again  at 
the  left  hand,  estimate  the  equal  areas  of  g  and  h}  sliding  the 
frame  on  to  Jc  and  I.  When  the  whole  length  of  the  scale,  denoting 
5  acres,  is  run  out,  commence  at  the  right-hand  side,  and  work 
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backwards  to  the  left,  reading  the  lower  divisions,  by  which 
the  instrument  is  made  to  measure  up  to  10  acres.  By  a 
continuation  of  this  process,  the  contents  of  any  sized  enclosures 
can  be  obtained  without  calculation,  and  with'  sufficient  accuracy 


for  general  purposes  if  the  scale  is  tolerably  large.  It  would, 
however,  expedite  the  measurement  if  the  tracing  paper  was 
divided  into  squares  of  one  chain  each ;  the  application  of  the  com- 
puting scale  need  then  only  be  made  to  the  portions  outside  the 
squares,  and  the  content  added  to  that  of  the  squares  them- 
selves, which  is  obtained  by  simply  counting  them.  Where 
the  wire  of  the  slider  coincides  with  any  portion  of  the  boundary 
between  two  of  the  parallels,  no  equalisation  is  of  course  necessary. 
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REPORT   ON   THE   ROAD   FROM 


TO 


t   7 

Sketch  of  the  Road  between  Torres  Vedras 
and  Sobral  de  Montegraca. 

Scale,  —  inches  to  1  mile.* 


Places  on  and  near  the  Road. 


*  Should  not  be  less  than  1  inch  to  1  mile,  excepting  where  a  considerable  distance  has  to  be  sketched, 

and  the  country  is  very  open. 
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This  form  is  nearly  similar  to  that  used  by  the  Quartermaster-General's  department 
in  the  Peninsula.  Where  more  information  is  required  to  be  tabulated,  columns  can  be 
added ;  but  generally  it  is  better  to  embody  all  other  statistical  details  in  the  Report 
that  accompanies  the  sketch  of  the  road.  On  a  hasty  reconnaissance,  the  object  of  which 
is  principally  to  ascertain  the  practicability  of  any  route  for  different  arms  of  the  service, 
the  five  last  columns  can  be  omitted.  In  a  sketch  of  this  nature,  the  ROAD  is  evidently 
the  feature  of  paramount  importance,  and  the  ground  contiguous  to  it  is  only  of  material 
consequence  in  those  spots  that  present  positions  for  disputing  its  passage  or  embarrass- 
ing its  free  occupation.  In  calculating  the  number  of  men  a  village  or  hamlet  would 
contain  for  one  night,  five  men  may  be  allowed  per  house  ;  for  a  longer  period  a  con- 
siderable reduction  must  be  made.  In  the  country  the  best  guides  for  whom  to 
obtain  information  are  obviously  those  who,  from  their  pursuits,  must  be  possessed  of 
much  local  knowledge,  such  as  shepherds,  pedlars,  poachers,  &c.  In  towns,  reference 
should  be  made  to  the  local  authorities  for  all  statistical  information.  In  addition  to 
the  field  sketch  of  the  road,  a  few  outline  sketches  of  the  principal  marked  positions, 
with  references  to  the  spot  from  which  they  were  taken,  would  often  prove  of  great 
service.  These  positions  would,  if  of  importance,  require  a  separate  sketch  and  report. 

When  the  routes  for  different  columns  to  arrive  at  any  fixed  spot  at  any  required 
time  have  been  decided  upon,  separate  sketches  of  the  ground  will  be  requisite  for 
their  guidance.  The  annexed  form  for  the  u  Detail  of  March  "  is  taken  from  Captain 
Macaulay's  "  Treatise  on  Field  Fortifications. " 


Pernia- 
nent. 


On  a 

march. 


Accommodation. 


Forage. 


3     £ 


Pro- 
visions. 


COLUMN    OR   DIVISION.       GENERAL  INSTRUCTIONS. 


Sketch  of  ground, 
showing,  by  a  dotted 
line,  the  route. 


State  the  hour  of 
marching,  the  forma- 
tion ;  and  describe  the 
route  by  reference  to 
letters  on  the  sketch. 

Give  the  distances 
in  infantry  or  cavalry 
paces,  the  times  al- 
lowed for  halts,  and 
the  time  at  which  the 
column  should  arrive. 

State  also  the  em- 
ployment of  the  troops 
on  arrival,  &c. 


Observations. 


INDEX. 


ABERRATION,  218 

Acceleration  of  fixed  stars,  231,  291 

Accuracy,  degree  of,  6,  13,  131,  148 

Acute  angles,  when  to  be  avoided,  60 

Acute  angled  triangles,  16 

Adjustments  : — Altitude  azimxith  instru- 
ment, 288  ;  Reflecting  circle,  215 ;  Re- 
peating circle,  215;  Sextant,  212; 
Theodolite,  27;  Transit  instrument, 
282 

Air,  refraction  of,  75 

Alpine  hypsometer,  124 

Altitude  and  azimuth  instrument,  22,  288 

Altitudes  by  barometer,  114 

Aneroid  barometer,  119 

Angular  measurements,  2,  35 

Angles  of  elevation  and  depression,  43 

Aries,  first  point  of,  224,  230 

Arcs  of  the  meridian,  lt>6,  188,  190 
„     of  excess,  220 

Arrows,  41 

Arrowsmith's  projection,  209 

Artificial  horizon,  211,  216 

Ascension,  right,  222 

Assumed  base,  21 

Astronomy,  211 

Astronomical  triangle,  225 

Attractive  forces,  186 

Augmentation  (of  moon,  sun,  &c.),  235, 298 

Azimuth,  calculation  of,  37,  199,  217 

BALLOON"  reconnaissance,  162 
Barometer,  mercurial,  109,  309 ;  aneroid, 

119 

Base,  5  ;  assumed,  21 ;  of  verification,  5 
Basis  of  a  survey,  1 
Beam  compass,  129 
Bench  mark,  92,  173 
Boning  rods,  89 
Booking  observations,  45,  47 

„         measurements  in  field  book,  47 
Borda's  repeating  circle,  21,  'zlo 
Boundaries  of  sections,  173 
Box  sextant,  60 

CELESTIAL  latitude  and  longitude,  217 

Centre,  reduction  to,  25 

Chain,  steel,  6  ;  its  use,  39 

Chaining,  42,  307 

Check  levels,  82 

Chronometers,  184,  260,  262 

Circles,  great,  208,  218 

Circular  protractor,  50 


Circum-meridian  altitudes,  242 

Circum-polar  stars,  for  latitude,  238 

Clinometers,  42,  155 

Clock,  astronomical,  245,  261 

Collimation,  26 

Colby's  compensation  bars,  6 

Colonial  surveying,  166 

Coloring,  143 

Compass,  prismatic,  61 

„         variation  of,  203  ;  beam,  129 
Compensation  bars,  6 
Computing  scales,  51,  313 
Content  register,  46,  54 

„       of  fields,  51 
Contouring  and  levelling,  74 
Contours,  102 
Conventional  signs,  72,  165 
Convergence  of  meridians,  208 
Copying,  128 
Cross  sections,  82 
Cross  staff,  41 

Cubical  content  of  prism,  101 
Curvature,  74,  306 
Cutting- up  lines,  46,  130 

DATUM  level  for  altitudes  on  O.S  ,  78 

Day,  mean,  solar,  and  astronomical,  224 

Dead  reckoning,  184 

Declination,  222 

Degree,  length  of,  77 

Definition  of  terms,  217 

Deflection  of  the  plummet,  186 

Details  of  filling  in  a  triangle,  42,  47,  59 

Diagram  of  triangulation,  46 

Diameter  of  earth,  192 

Diaphragm,  27 

Dip  of  horizon,  233,  302 

Division  of  time,  223 

Drawing  paper,  128 

EARTH,  form  of,  186 

Eclipses,  265,  266,  274 

Elliott's  pocket  reflecting  level,  88 

Electric  telegraph,  265 

Engraving,  128,  134 

Errors,  index,  213,  220  ;  personal,  213 

,,       instrumental,  214 
Equation  &f  time,  224 ;  equal  altitudes,  304 
Equatorial  diameter,  186;  radius,  188 
Everest's  theodolite,  31 
Excess,  spherical,  23  ;  arc  of,  220 
Examining  ground,  48 
Expansion  and  contraction  of  paper,  129 
Exploring  expedition,  182 
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INDEX. 


FEATURES,  geological,  155 

Field  book,  46  ;  levelling  book,  43 

Final  examination,  49 

Fixation  of  a  point  from  observations  at 

itself,  36 

Form  of  the  earth,  186 
French  water  level,  85 
Frontages,  171 

GEODESICAL  operations,  186 
Geological  features,  154 
Gibraltar,  model  of,  141 
Gradients,  100 
Gravatt's  level,  85 
Gunter's  chain,  39 

HELIOSTATS,  17,  201 

High -water  mark,  78 

Hill  sketching,  134 

Horizon,  219 

Horizontal  system,  hill  sketching,  150 

Hounslow  heath  base,  6 

Hypothenuses,  8 

Hypsometers,  122 

INACCESSIBLE  objects,  70 
Inclinometer,  155 
Index  error,  233 
Instruments,  observing,  21 
Interpolating  a  point,  36 

JAMES,  Sir  H.,  on  steel  chains,  7 

„          „     „    figure  of  the  earth,  192 

LAND  surveying,  42 

Latitude,  34,  37,  183,  238 

Lehman,  Major,  scale  of  shade,  136,  150 

Lens,  17 

Length  of  a  second  of  latitude  and  longi- 
tude, 305 

Levelling,  by  angles  of  elevation  and  de- 
pression, 43 

Levelling  and  contouring,  74 

Levelling  staff,  90 

„         register,  97 
„         details  of,  93 

Levels,  80  to  89 

Light,  velocity  of,  265 

Lime  light,  18 

Linear  measurement,  2,  6 

Links,  40 

Longitude,  34,  184,  258 

Lost  stations,  31 

Lough  Foyle  base,  6 

Low-water  mark,  78 

Lunar  observations,  266 

MAGNETIC  attraction,  62,  203 

Mark,  bench,  92 

Mason's  level,  89 

Mean  sea  or  tide  level,  78 

„    time,  231 
Measurements,  angular,  2 

„  linear,  2 

„  capacity,  189 


Measurement,  units  of,  6 

„  of  arc  of  meridian,  192 

Measuring  tape,  41 
Mercator's  projection,  202 
Meridian,  arcs  of,  192 
Meteorological  register,  174,  185,  310 
Micrometer  prism,  60 

„          telescope,  156 
Military  reconnaissance,  3,  143 
Minor  triangles,  38 
Modelling,  141 
Moon-culminating  stars,  275 
Mountain  barometer,  109 
Mounting  paper,  129 
Mural  or  transit  circle,  211 

NADIR,  222 
Network  of  triangles,  4 
New  style,  223 

OBJECTS  of  triangulation,  2 
Oblique  plane,  angles  observed  in,  22 
Observing,  22,  35,  227,  256 
Obstacles,  method  of  passing,  65 
Occultation  of  fixed  stars,  277 
Offsets,  41,  48 
Optical  square,  41 
Orthographic  projection,  207 
Outline  of  survey,  2 
Outline  sketching,  156 

PAPER,  drawing,  128 

Parallax,  26,  83,  233,  299 

Pediometer,  51,  311 

Pendulum,  189 

Penning  in,  128 

Pentagraph,  133 

Photography,  133 

Photozincography,  135 

Plans,  topographical,  128 

Plotter,  47;  plotting,  128 

Plane  table,  ti4 

Plaster  of  Paris,  43 

Poles,  station,  141 

Polar  semi-diameter,  192 

Pole  star,  247 

Position,  by  latitude  and  longitude,  228 

„       by  latitude  and  azimuth,  37 
Protractor,  card  board,  50,  149 
Protracting  bearings,  63 

„          triangulation,  132 
Prismatic  compass,  61 
Prism,  micrometer,  60,  101 
Progress  of  surveyor,  48,  178 
Projections  of  the  sphere,  202,  206 

RADIUS  of  curvature,  197 
Railway  survey  98 
Rain  gauge,  185 
Ramsden's  steel  chain,  6 
Rate  of  chronometers,  258 
Reconnaissance,  military,  3,  144 
Reconnoitring  works,  1 59 
Reduction  to  the  level  of  the  sea,  11 
„  „      centre,  25 
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Reduction  to  the  horizon,  22 

„  „    meridian,  242,  303 

Reducing  plans,  132 

Reflectors,  17 

Reflecting  level,  42,  87 

„        instruments,  60,  211 
circle,  211,  215 

Refraction,  75,  233,  294 

Register  for  levelling,  97 

Repeating  circle,  21,  211,  215 

Report  on  roads,  317 

Right  ascension,  222 

Roads,  172,  317 

SCALES,  engine-divided,  59,  98 

„       boxwood,  130 

„       used  on  Ordnance  Survey,  20, 132 
Scale  of  shade,  135,  149 
Scoring  triangles,  131 
Scott's  scale  of  shade,  153 
Secondary  triangles,  19 
Sections,  levelling,  80,  93 

,,         cross  and  trial,  82 
Selection  of  site  for  base  line,  12 

„  stations,  16 

Sextant,  60,  149,  212 
Shading,  128 

Sheet  lines  and  plotting,  129 
Sloping  ground,  chaining  over,  42 
Signals,  259 

Signs,  conventional,  72,  165 
Sidereal  clock,  211 
„       time,  230 
Site  for  base  line,  12 
Sketching,  59,  65,  135,  144 
Specific  gravity,  187,  190 
Spherical  excess,  23 
Spheroidal  form  of  earth,  186 
Spring  tides,  78 
Steel  chain,  7 
Standard  chain,  7 

„        measure,  14,  189,  223 


Staff,  levelling,  90 

Station,  distant,  rendered  visible,  16 

„         recovery  of  lost,  31 
Stereographic  projection,  207 
Survey,  topographical,  3 
Surveying,  42,  48,  178 

TAPE,  41 

Telegraph,  259,  265 

Telemeter,  156 

Terms,  definition  of,  217 

Tertiary  triangles,  38 

Theodolite,  22,  26,  31,  211 

Thermometers,  8,  ]23 

Thermometric  hypsometers,  122 

Tides,  78 

Time,  189,  223,  291,  293,  306 

„      standard  of,  223,  254 
Topographical  survey,  3 
Transit  instrument,  211,  282 
Traversing,  49,  59 
Triangles,  16,  38 
Triangulation,  16 
Trial  sections,  82 
Triotinto,  135 
Trinity  datum,  78 

UNITS  of  measurement,  6 

VARIATION  of  compass,  203,  280 
Verification  of  base,  5,  7 
Vernier,  30 
Vertical  system,  hill  sketching,  150 

WATER  level,  85 
Weights  and  measures,  189 

Y  level,  83 

ZENITH,  218,  222 
Zenith  sector,  211 
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in  University  College,  London.     Third  Edition.     Revised  and  Edited  by  EDWIN 
DUNKIN,    F.E.A.S.,    Superintendent  of  the    Altazimuth  Department,    Royal 
Observatory,  Greenwich.     "With  37  Plates,  and  upwards  of  100  Woodcuts. 
"  We  can  cordially  recommend  it  as  most  useful  to  all  those  who  desire  to  possess  a  complete 
manual  of  the  science  and  practice  of  astronomy." — Astronomical  Reporter. 

Small  8vo,  cloth,  448  pages,  price  5s. 

THE  HANDBOOK  OF  OPTICS.     New  Edition.    Edited 

by  T.  OLVER  HARDING,  B.A.,  Lond.,  of  University  College,  London.  With  298 
Illustrations. 

Small  8vo,  cloth,  462  pages,  price  5s. 

THE  HANDBOOK  OF  ELECTRICITY,  MAGNETISM, 

AND  ACOUSTICS.  New  Edition.  Edited  by  GEO.  CAREY  FOSTER,  B.A., 
F.C.S.,  Fellow  of,  and  Professor  of  Physics  in,  University  College,  London. 
With  400  Illustrations. 

"The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the  terse  and 
lucid  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his  work  to  the  present  state 
of  Scientific  Knowledge."— Popular  Science  Review. 

Small  8vo,  price  5s.,  cloth. 

THE  HANDBOOK  OF  HYDROSTATICS  AND  PNEU- 

MATICS.  New  Edition.  Revised  and  Enlarged  by  BENJAMIN  LOEWY,  F.R.A.S. 
With  numerous  Illustrations. 

Small  8vo,  price  5s.,  cloth. 

THE  HANDBOOK    OF   HEAT.     New  Edition,  entirely 

re-written  and  enlarged  by  BENJAMIN  LOEWY,  F.R.A.S.  With  numerous 
Illustrations. 

Small  8vo,  cloth,  420  pages,  price  5s. 

THE  HANDBOOK  OF  MECHANICS.     With  357  Illus- 

trations.  

IRON  AND  HEAT,  Exhibiting  the  Principles  concerned 

in  the  Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action 
of  Heat  in  the  Smelting  Furnace,  By  JAMES  ARMOUR,  C.E.  Woodcuts,  12mo, 
cloth  boards,  3s.  6d. 

"  A  very  useful  and  thoroughly  practical  little  volume,  in  every  way  deserving  of  circulation 
amongst  working  men. "— M ining  Journal. 

POWER   IN   MOTION:   Horse  Power,  Motion,  Toothed 

Wheel  Gearing,  Long  and  Short  Driving  Bands,  Angular  Forces,  &c.  By 
JAMES  ARMOUR,  C.E.  With  73  Diagrams.  12mo,  cloth  boards,  3s.  6d. 

"  Numerous  illustrations  enable  the  author  to  convey  his  meaning  as  explicitly  as  it  is  perhaps 
ossible  to  be  conveyed.  The  value  of  the  theoretic  and  practical  knowledge  imparted  cannot 

ell  be  over  estimated." — Newcastle  Weekly  Chronicle. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON: 

containing  Outlines  of  the  History  of  Iron  Manufacture,  Methods  of  Assay,  and 

Analyses  of  Iron  Ores,  Processes  of  Manufacture  of  Iron  and  Steel,  &c.     By  H. 

BATJERMAN,  F.G.S.,  Associate  of  the  Royal  School  of  Mines.     With  numerous 

Illustrations.    Third  Edition,  revised  and  much  enlarged.    12mo,  cl.  bds.,  5s.  6d. 

"  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important  points, 

while  all  material  matters  are  very  fully  and  thoroughly  entered  into."—  Standard. 

COAL  AND  COAL  MINING  :   A  Rudimentary  Treatise 

on.  By  WARINGTON  W.  SMYTH,  M.A.,  F.R.S.,  &c.,  Chief  Inspector  of  the 
Mines  of  the  Crown  and  of  the  Duchy  of  Cornwall.  New  edition,  revised  and 
corrected.  With  numerous  Illustrations.  12mo,  cloth  boards,  4s.  6d. 

LONDON:  LOCKWOOD  &  Co.,  7,  STATIONERS'  HALL-COURT,  B.C. 


PRIZE  MEDAL,  INTERNATIONAL  EXHIBITION,  1862, 

was  awarded  to  the  Publishers  of 

"Weale's  Series." 

7,  Stationers1  Hall  Court, 
Ludgate  Hill,  E.C. 

October,  1873. 

NEW  LIST 


WEALE'S 

RUDIMENTARY,  SCIENTIFIC,  EDUCATIONAL, 
AND  CLASSICAL  SERIES, 

OF  WORKS  SUITABLE  FOB 

Engineers,  Architects,  Builders,  Artisans,  and  Students 
generally,  as  well  as  to  those  interested  in  Workmen's 
Libraries,  Free  Libraries,  Literary  and  Scientific  Insti- 
tutions, Colleges,  Schools,  Science  Classes,  c&c.,  <&c. 


%*    THE     ENTIRE    SERIES     IS     FREELY    ILLUSTRATED    WHERE 
REQUISITE. 

(The  Volumes  contained  in  this  List  are  bound  in  limp  cloth,  except 
where  otherwise  stated.} 

AGRICULTURE, 
66.  CLAY  LANDS  AND  LOAMY  SOILS,  by  J.  Donaldson.    1«. 

140.  SOILS,  MANURES,  AND  CROPS,  by  R.  Scott  Burn.    2s. 

141.  FARMING,  AND  FARMING  ECONOMY,  Historical  and 

Practical,  by  R.  Scott  Burn.    3s. 

142.  CATTLE,  SHEEP,  AND  HORSES,  by  R.  Scott  Burn.  2s.  6rf. 

145.  MANAGEMENT   OF  THE  DAIRY— PIGS— POULTRY, 

by  R.  Scott  Burn.  With  Notes  on  the  Diseases  of  Stock.    2s. 

146.  UTILISATION   OF  TOWN  SEWAGE— IRRIGATION- 

RECLAMATION  OF  WASTE  LAND,  by  R.  Scott  Burn. 
2s.  6d. 

JVos.  140, 141,  142, 145,  and  146  bound  in  2  vols.,  cloth  boards,  14s. 

177.  CULTURE  OF  FRUIT  TREES,  by  Du  Breuil.    187  Wood- 
cuts.    3s.  Qd. 

LOCKWOOD   &   CO.,  7,   STATIONERS'   HALL   COURT. 


2  ARCHITECTURAL  AND  BUILDING  WORKS. 

ARCHITECTURE  AND   BUILDING, 

16.  AECHITECTUEE,  Orders  of,  by  W.  H.  Leeds.     Is.  Qd.  \  in  1 

17.  styles  of,  by  T.  Talbot  Bury.  Is.  Gd.f$fa 

18. Principles  of  Design,  by  E.  L.  Garbott.     2s. 

Nos.  16,  17,  and  18  in  1  vol.  doth  boards,  5s.  Qd. 

22.  BUILDING-,  the  Art  of,  by  E.  Dobson.    Is.  Qd. 

23.  BEICK  AND  TILE  MAKING,  by  E.  Dobson.    3s. 

25.  MASONEY  AND   STONE-CUTTING,  by  E.  Dobson.    New 
Edition,  with  Appendix  on  the  Preservation  of  Stone.    2s.  Qd. 

30.  DEAINAGE  AND  SEWAGE  OF   TOWNS  AND  BUILD- 
INGS, by  G.  D.  Dempsey.    2s. 
With,  Ao.  29  (See  page  ^),  Drainage  of  Districts  and  Lands,  3s. 

35.  BLASTING  &   QUAEEYING    OF   STONE,  &c.,  by  Field- 

Marshal  Sir  J.  F.  Burgoyne.     Is.  Qd. 

36.  DICTIONAEY  OF  TECHNICAL  TEEMS  used  by  Architects, 

Builders,  Engineers,   Surveyors,  &c.     New  Edition,  revised 
and  enlarged  by  Eobert  Hunt,  F.G.S.     5s. 
42.  COTTAGE  BUILDING,  by  C.  B.  Allen.   New  Edition.   Is.Qd. 

44.  FOUNDATIONS  &  CONCEETE  WOEKS,  by  Dobson.  Is.  Qd. 

45.  LIMES,  CEMENTS,  MOETAES,  &c.,  by  Burnell.     Is.  Qd. 
57.  WAEMING  AND  VENTILATION,  by  C.  Tomlinson,  F.E.S.  3s. 
83**.  DOOE  LOCKS  AND  IEON  SAFES,  by  Tomlinson.    2s.  Qd. 
111.  AECHES,  PIEES,  AND  BUTTEESSES,  by  W.  Bland.  Is.Qd. 
1 16.  ACOUSTICS  OF  PUBLIC  BUILDINGS,  by  T.E.  Smith.  Is.  Qd. 

182.  CAEPENTEY  AND  JOINEEY,  founded   on  Eobison  and 

Tredgold.    3s.  Qd. 

182*.  ILLUSTEATIYE  PLATES  to  the  preceding.    4to.     6s. 
124.  EOOFS    FOE    PUBLIC    AND    PEIVATE    BUILDINGS, 

founded  on  Eobison,  Price,  and  Tredgold.     Is.  Qd. 
124*.  PLATES  OF  EECENT  IEON  EOOFS.   4to.  [Reprinting. 

127.  AECHITECTUEAL    MODELLING  IN  PAPEE,  Practical 

Instructions,  by  T.  A.  Eichardson,  Architect.     Is.  Qd. 

128.  VITEUVIUS'S  AECHITECTUEE,  by  J.  Gwilt,  Plates.     5s. 
130.  GEECIAN   AECHITECTUEE,  Principles  of  Beauty  in,  by 

the  Earl  of  Aberdeen.     Is. 

Nos.  128  and  130  in  1  vol.  cloth  boards,  7s. 

132.  EEECTION  OF  DWELLING-HOUSES,  with  Specifications, 
Quantities  of  Materials,  &c.,  by  S.  H.  Brooks,  27  Plates.  2s.  Qd. 

156.  QUANTITIES  AND  MEASUEEMENTS,  by  Beaton.  Is.  Qd. 

175.  BUILDEES'  AND  CONTEACTOES'  PKICE-BOOK.  By 
G.  E.  Burnell.  3s.  Qd. 

PUBLISHED  BY  LOCKWOOD  &  CO., 


ARITHMETICAL  AND  MATHEMATICAL  WORKS. 


ARITHMETIC  AND    MATHEMATICS. 

32.  MATHEMATICAL  INSTRUMENTS,  THEIE  CONSTRUC- 

TION,  USE,  &c.,  by  J.  F.  Heather.     Original  Edition  in 

1  vol.     Is.  Qd. 
%*  In  ordering  the  above,  be  careful  to  say  "  Original  Edition"  to 

distinguish  it  from  the  Enlarged  Edition  in  3  vols.,  advertised 

on  page  4  as  now  ready. 

60.  LAND  AND  ENGINEERING  SURVEYING,  by  T.  Baker.  2s. 
61*.  READY  RECKONER  for  the  Admeasurement  and  Valuation 

of  Land,  by  A.  Arman.     Is.  Qd. 
76.  GEOMETRY,  DESCRIPTIVE,  with  a  Theory  of  Shadows  and 

Perspective,  and  a  Description  of  the  Principles  and  Practice 

of  Isometrical  Projection,  by  J.  F.  Heather.    2s. 

83.  COMMERCIAL  BOOK-KEEPING,  by  James  Haddon.     Is. 

84.  ARITHMETIC,  with  numerous  Examples,  by  J.  R.  Young.  Is.  Qd. 
84*.  KEY  TO  THE  ABOVE,  by  J.  R.  Young.     Is.  Qd. 

85.  EQUATIONAL    ARITHMETIC :    including   Tables  for  the 

Calculation  of  Simple  Interest,  with  Logarithms  for  Compound 
Interest,  and  Annuities,  by  W.  Hipsley.     Is. 
85*.  SUPPLEMENT  TO  THE  ABOVE,  Is. 

85  and  85*  in  1  vol.,  2s. 

86.  ALGEBRA,  by  J.  Haddon.     2s. 

8*5*.  KEY  AND  COMPANION  to  the  above,  by  J.R.  Young.  Is.  Qd. 
88.  THE  ELEMENTS  OF  EUCLID,  with  Additional  Propositions, 
and  Essay  on  Logic,  by  H.  Law.     2s.  Qd. 

90.  ANALYTICAL   GEOMETRY  AND  CONIC  SECTIONS,  by 

J.  Hann.     Entirely  New  Edition,  improved  and  re- written 
by  J.  R.  Young.     2s. 

91.  PLANE  TRIGONOMETRY,  by  J.  Hann.    Is. 

92.  SPHERICAL  TRIGONOMETRY,  by  J.  Hann.     1*. 

Nos.  91  and  92  in  1  vol.,  2s. 

93.  MENSURATION,  by  T.  Baker.     Is.  Qd. 

94.  MATHEMATICAL  TABLES,  LOGARITHMS,  with  Tables  of 

Natural  Sines,  Cosines,  and  Tangents,  by  H.  Law,  C.E.   2s.  Qd. 

101.  DIFFERENTIAL  CALCULUS,  by  W.  S.  B.  Woolhouse.     1*. 
101*.  WEIGHTS,    MEASURES,    AND    MONEYS    OF     ALL 

NATIONS ;  with  the  Principles  which  determine  the  Rate  of 
Exchange,  by  W.  S.  B.  Woolhouse.     Is.  Qd. 

102.  INTEGRAL  CALCULUS,  RUDIMENTS,byH.Cox,B.A.  1*. 

103.  INTEGRAL  CALCULUS,  Examples  on,  by  J.  Hann.     Is. 

104.  DIFFERENTIAL  CALCULUS,  Examples,  by  J.  Haddon.   1*. 

105.  ALGEBRA,  GEOMETRY,  and  TRIGONOMETRY,  in  Easy 

Mnemonical  Lessons,  by  the  Rev.  T.  P.  Kirkman.     Is.  fid. 
117.  SUBTERRANEOUS    SURVEYING,    AND     THE     MAG- 
NETIC VARIATION  OF  THE  NEEDLE,  by  T.  Fenwick, 
with  Additions  by  T.  Baker.     2s.  Qd. 

7,  STATIONERS'   HALL  COURT,  LUDGATE   HILL. 


CIVIL  ENGINEERING  WORKS. 


131.  EEADY-EECKONEE  FOE  MILLEES,  FAEMEES,  AND 
MEECHANTS,  showing  the  Value  of  any  Quantity  of  Corn, 
with  the  Approximate  Values  of  Mill-stones  &  Mill  Work.  Is. 

136.  EUDIMENTAEY  ARITHMETIC,  by  J.  Haddon,  edited  by 

A.  Annan.     Is.  Qd. 

137.  KEY  TO  THE  ABOVE,  by  A.  Annan.    Is.  Qd. 

147.  STEPPING  STONE  TO  AEITHMETIC,  by  A.  Arman.     1*. 

148.  KEY  TO  THE  ABOVE,  by  A.  Arman.    Is. 

158.  THE  SLIDE  EULE,  AND  HOW  TO  USE  IT.  With 
Slide  Eule  in  a  pocket  of  cover.  3s. 

168.  DEAWING  AND    MEASUEING  ?  INSTEUMENTS.    In- 

cluding— Instruments  employed  in  Geometrical  and  Mecha- 
nical Drawing,  the  Construction,  Copying,  and  Measurement 
of  Maps,  Plans,  &c.,  by  J.  F.  HEATHER,  M.A.  Is.  Qd. 

169.  OPTICAL    INSTEUMENTS,    more    especially    Telescopes, 

Microscopes,  and  Apparatus  for  producing  copies  of  Maps 
and  Plans  by  Photography,  by  J.  F.  HEATHER,  M.A.  Is.  Qd. 

170.  SUEVEYING  AND  ASTEONOMICAL  INSTEUMENTS. 

Including — Instruments  Used  for  Determining  the  Geome- 
trical Features  of  a  portion  of  Ground,  and  in  Astronomical 
Observations,  by  J.  F.  HEATHER,  M.A.  Is.  6d. 

*#.  *  The  above  three  volumes  form  an  enlargement  of  the  Author's 
original  work,  "  Mathematical  Instruments,"  the  Tenth  Edition 
of  which  (No.  32)  is  still  on  sale,  price  Is.  6d. 

178.  PEACTICAL  PLANE  GEOMETEY:  Giving  the  Simplest 
Modes  of  Constructing  Figures  contained  in  one  Plane,  by 
J.  F.  HEATHER,  M.A.  2s. 

178*.  PEOJECTION",  Orthographic,  Topographic,  and  Perspective : 
giving  the  various  modes  of  Delineating  Solid  Forms  by  Con- 
structions on  a  Single  Plane  Surface,  by  J.  F.  HEATHER,  M.A. 

**.*  The  above  two  volumes,  with  the  Author's  work  already  in 
the  Series,  "Descriptive  Geometry"  (see  page  3),  will  form  a 
complete  Elementary  Course  of  Mathematical  Drawing. 


CIVIL  ENGINEERING. 

13.  CIVIL  ENGINEEE1NG,  by  H.  Law  and  G.  E.  Bornell.    Fifth 

Edition,  with  Additions.     5s. 
29.  DEAINAGE  OF  DISTEICTS  AND  LANDS,  by  G.D.Dempsey. 

Is.  Qd. 

With  No.  30  (Seepage  2),  Drainage  and  Sewage  of  Toivns,  3s. 

PUBLISHED  BY  LOCKWOOD   &  CO., 


WORKS  IN  FINE  ARTS,  ETC. 


31.  WELL-SINKING,  BOEING,  AND  PUMP  WOKE,  by  J.  G. 

Swindell,  revised  by  G.  E.  Burnell.     Is. 

43.  TUBULAE  AND  IEON  GIEDEE  BEIDGES,  including  the 
Britannia  and  Con  way  Bridges,  by  G.  D.  Dempsey.     Is.  Qd. 

46.  EOAD-MAKING    AND    MAINTENANCE    OF  MACADA- 

MISED EO ADS,  by  Field-Marshal  Sir  J.F.Burgoyne.  Is.  Qd 

47.  LIGHTHOUSES,  their  construction  and  Illumination,  by  Alan 

Stevenson.    3s. 
62.  EAILWAY  CONSTEUCTION,  by  Sir  M.  Stephenson.    With 

Additions  by  E.  Nugent,  C.E.    2s.  Qd. 
62*.  EAILWAY  CAPITAL  AND  DIVIDENDS,  with  Statistics  of 

Working,  by  E.  D.  Chattaway.     Is. 

No.  62  and  62*  in  1  vol.,  3s.  Qd. 

80*.  EMBANKING  LANDS  FEOM  THE  SEA,  by  J.  TFiggins.  2s. 
82**.  GAS  WOEKS,  and  the  PEACT1CE  of  MANUFACTUEING 

and  DISTEIBUTING  COAL  GAS,  by  S.  Hughes.    3s. 
84.  WATEE- WOEKS  FOE  THE    SUPPLY  OF  CITIES  AND 

TOWNS,  by  S.  Hughes,  C.E.     4s. 
118.  CIVIL  ENGLNEEEING  OF   NOETH   AMEEICA,  by  D. 

Stevenson.    3s. 

120.  HYDEAULIC  ENGINEEEING,  by  G.  E.  Burnell.    3s. 

121.  EIVEES  AND  TOEEENTS,  with  the  Method  of  Eegulating 

their  Course  and  Channels,  Navigable  Canals,  &c.,  from  the 
Italian  of  Paul  Frisi.    2s.  Qd. 


EMIGRATION. 

164.  GENEEAL  HINTS  TO  EMIGEANTS.    2s. 

157.  EMIGEANT'S  GUIDE  TO  NATAL,  by  E.  J.  Mann,  M.D.  2s. 

159.  EMIGEANT'S     GUIDE    TO     NEW    SOUTH     WALES, 

WESTEEN  AUSTRALIA,    SOUTH  AUSTRALIA,  VIC- 
TORIA, AND  QUEENSLAND,  by  James  Baird.B.A.  2s.  Qd. 

160.  EMIGEANT'S  GUIDE  TO  TASMANIA  AND  NSW  ZEA- 

LAND, by  James  Baird,  B.A.     2s. 

FINE    ARTS. 

20.  PEESPECTIVE,  by  George  Pyne.    2s. 

27.  PAINTING;    or,  A  GEAMMAE  OF  COLOURING,  by  G. 
Field.    2s. 

40.  GLASS  STAINING,  by  Dr.  M.  A.  Gessert,  with  an  Appendix 

on  the  Art  of  Enamel  Painting,  &c.     Is. 

41.  PAINTING  ON  GLASS,  from  the  German  of  Fromberg.     Is. 
69.  MUSIC,  Treatise  on,  by  C.  C.  Spencer.    2s. 

71.  THE  AET  OF  PLAYING  THE  PIANOFOETE,  by  C.  C. 

Spencer.    Is. 
181.  PAINTING  (FINE  ART),  Gullick  and  limbs.     5.?. 

7,  STATIONERS'   HALL  COURT,   LUDGATE   HILL. 


WORKS  IN  MECHANICS,  ETC. 


LEGAL    TREATISES. 

50.  LAW  OF  CONTRACTS  FOE  WOEKS  AND  SEEVICES, 

by  David  Gibbons.     Is.  Gd. 

107.  THE  COUNTY  COTJET  GUIDE,  by  a  Barrister.     Is.  Gd. 

108.  METEOPOLIS  LOCAL  MANAGEMENT  ACTS.     Is.  Gd. 
108*.  METEOPOLIS  LOCAL  MANAGEMENT  AMENDMENT 

ACT,  1862 ;  with  Notes  and  Index.     Is. 
Nos.  108  and  108*  in  1  vol.,  2s.  6d. 

109.  NUISANCES  EEMOVAL  AND  DISEASES  PEEYENTION 

AMENDMENT  ACT.     Is. 

110.  EECENT   LEGISLATIVE    ACTS  applying  to  Contractors, 

Merchants,  and  Tradesmen.     Is. 
151.  THE  LAW  OF  FRIENDLY,  PEOVIDENT,  BUILDING, 

AND  LOAN  SOCIETIES,  by  N.  White.    Is. 
163.  THE  LAW  OF  PATENTS  FOE  INVENTIONS,  by  F.  W. 

Campin,  Barrister.    2s. 


MECHANICS  &  MECHANICAL  ENGINEERING. 

6.  MECHANICS,  by  Charles  Tomlinson.     Is.  Gd. 
12.  PNEUMATICS,  by  Charles  Tomlinson.    New  Edition.    Is.  Gd. 

33.  CEANES  AND    MACHINEEY    FOE    EAISING    HEAVY 

BODIES,  the  Art  of  Constructing,  by  J.  Glynn.     Is. 

34.  STEAM  ENGINE,  by  Dr.  Lardner.     Is. 

59.  STEAM  BOILEES,  their  Construction  and  Management,  by 
E.  Armstrong.  With  Additions  by  E.  Mallet.  Is.  Gd. 

63.  AGEICULTUEAL  ENGINEEEING,  BUILDINGS,  MOTIVE 
POWEES,  FIELD  MACHINES,  MACHINEEY  AND 
IMPLEMENTS,  by  G.  H.  Andrews,  C.E.  3s. 

67.  CLOCKS,  WATCHES,  AND  BELLS,  by  E.  B.  Denison.  New 
Edition.  {Preparing. 

77*.  ECONOMY  OF  FUEL,  by  T.  S.  Prideaux.     Is.  Gd. 

78.  STEAM  AND  LOCOMOTION,  by  Sewell.  [Reprinting. 

78*.  THE  LOCOMOTIVE  ENGINE,  by  G.  D.  Dempsey.     Is.  Gd. 

79*.  ILLUSTEATIONS  TO  ABOVE.  4to.   4s.  Gd.      [Reprinting. 

80.  MARINE  ENGINES,  AND  STEAM  VESSELS,  AND  THE 
SCEEW,  by  Eobert  Murray,  C.E.,  Engineer  Surveyor  to  the 
Board  of  Trade.  With  a  Glossary  of  Technical  Terms,  and 
their  equivalents  in  French,  German,  and  Spanish.  3s. 

82.  WATEE  POWEE,  as  applied  to  Mills,  &c.,  by  J.  Glynn.    2s. 

97.  STATICS  AND  DYNAMICS,  by  T.  Baker.  New  Edition.  Is.Gd. 

98.  MECHANISM   AND  MACHINE  TOOLS,  by  T.  Baker;  and 

TOOLS  AND  MACHINEEY,  by  J.  Nasmyth.    2s.  Gd. 
113*.  MEMOIE  ON  SWOEDS,  byMarey,  translated  by  Maxwell.  Is. 

PUBLISHED  BY  LOCKWOOD  &  CO., 


NAVIGATION  AND  NAUTICAL  WORKS.  7 

1 14.  MACHINEEY,  Construction  and  Working,  by  C.  D.  Abel.  Is.  6<Z. 

115.  PLATES  TO  THE  ABOVE.     4to.    7s.  Qd. 

125.  COMBUSTION  OF  COAL,  AND  THE  PREVENTION  OF 

SMOKE,  by  C.  Wye  Williams,  M.I.C.E.    3s. 
139.  STEAM  ENGINE,  Mathematical  Theory  of,  by  T.  Baker.    Is. 
162.  THE  BEASSFOUNDEE'S  MANUAL,  by  W.Graham.  2s.  Qd. 

164.  MODEEN  WORKSHOP  PRACTICE.  By  J.  G.  Winton.  3s. 

165.  IEON  AND  HEAT,  Exhibiting  the  Principles  concerned  in 

the  Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders, 
and  the  Action  of  Heat  in  the  Smelting  Furnace,  by  JAMES 
ARMOUR,  C.E.  Woodcuts.  2s.  6d. 

166.  POWEE  IN  MOTION:  Horse  Power,  Motion,  Toothed  Wheel 

Gearing,  Long  and  Short  Driving  Bands,  Angular  Forces,  &c., 
by  JAMES  ARMOUR,  C.E.  With  73  Diagrams.  2s.  Qd. 

167.  A  TEEATISE    ON   THE    CONSTEUCTION   OF    IRON 

BRIDGES,  GIRDERS,  ROOFS,  AND  OTHER  STRUC- 
TURES, by  F.  Campin.  Numerous  Woodcuts.  2s. 

171.  THE    WORKMAN'S    MANUAL     OF     ENGINEERING 

DRAWING,  by  JOHN  MAXTON,  Instructor  in  Engineering 
Drawing,  Royal  School  of  Naval  Architecture  and  Marine  Engi- 
neering, South  Kensington.  Plates  and  Diagrams.  3s.  Qd. 

172.  MINING  TOOLS.     For  the  Use  of  Mine  Managers,  Agents, 

Mining  Students,  &c.,  by  WILLIAM  MORGANS,  Lecturer  on 
Mining,  Bristol  School  of  Mines.  12mo.  2s.  Qd. 

172*.ATLAS  OF  PLATES  to  the  above,  containing  200  Illustra- 
tions. 4to.  4s.  Qd. 

176.  TREATISE  ON  THE  METALLURGY  OF  IRON;  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods 
of  Assay,  and  Analysis  of  Iron  Ores,  Processes  of  Manufacture 
of  Iron  and  Steel,  &c.,  by  H.  BAUERMAN,  F.G.S.,  A.R.S.M. 
Second  Edition,  revised  and  enlarged.  Woodcuts.  4s.  Qd. 

180.  COAL  AND  COAL  MINING,  by  W.  W.  Smyth.    3s.  Qd. 


NAVIGATION    AND    SHIP-BUILDING. 

51.  NAVAL  ARCHITECTUEE,  by  J.  Peake.    3s. 

53*.  SHIPS  FOE  OCEAN  AND  EIVEE  SEEVICE,  Construction 

of,  by  Captain  H.  A.  Sommerfeldt.    Is. 
53**.  ATLAS  OF   15  PLATES  TO    THE  ABOVE,  Drawn  for 

Practice.    4to.    7s.  Qd. 
54.  MASTING,  MAST-MAKING,   and   EIGGING  OF  SHIPS, 

by  E.  Kipping.     Is.  Qd. 
54*.  IEON  SHIP-BUILDING,  by  J.  Grantham.    Fifth  Edition, 

with  Supplement.    4*. 
54**.  ATLAS  OF  40  PLATES  to  illustrate  the  preceding.  4to.  38s. 
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55.  NAVIGATION  ;  the  Sailor's  Sea  Book :  How  to  Keep  the  Log 

and  Work  it  off,  Law  of  Storms,  &c.,  by  J.  Greenwood.     2s. 
83  bis.  SHIPS  AND  BOATS,  Form  of,  by  W.  Bland.     Is.  Qd. 
99.  NAUTICAL   ASTEONOMY   AND   NAVIGATION,  by  J.  R. 

Young.    2s. 

100*.  NAVIGATION  TABLES,  for  Use  with  the  above.     Is.  Qd. 
1()6.  SHIPS'  ANCHOES  for  all  SEEVICES,  by  G.  Cotsell.   Is.  6d. 
149.  SAILS  AND  SAIL-MAKING,  by  E.  Kipping,  N.A.    2s.  6d. 
155.  ENGINEEE'S    GUIDE   TO   THE   EOYAL   AND   MEE- 

CANTILE  NAVIES.    By  a  Practical  Engineer.    Eevised  by 

D.  F.  McCarthy.    3s. 

PHYSICAL  AND    CHEMICAL    SCIENCE. 

1.  CHEMISTEY,  by  Prof.  Fownes.    With  Appendix  on  Agri- 

cultural Chemistry.    New  Edition,  with  Index.     Is. 

2.  NATUEAL  PHILOSOPHY,  by  Charles  Tomlinson.     Is.  Qd. 
4.  MINEEALOGY,  by  A.  Eamsay,  Jun.     3s. 

7.  ELECTEICITY,  by  Sir  W.  S.  Harris.     Is.  Qd. 

7*.  GALVANISM,  ANIMAL  AND  VOLTAIC  ELECTEICITY, 
by  Sir  W.  S.  Harris.     Is.  Qd. 

8.  MAGNETISM,  by  Sir  W.  S.  Harris.    New  Edition,  revised  and 

enlarged  by  H.  M.  Noad,  Ph.D.,  F.E.S.   With  165  woodcuts. 

3s.  Qd. 
11.  HISTOEY  AND  PEOGEESS  OF  THE  ELECTEIC  TELE- 

GEAPH,  by  Eobert  Sabine,  C.E.,  F.S.A.    3s. 
72.  EECENT  AND  FOSSIL  SHELLS  (A  Manual  of  the  Mollusca), 

by  S.  P.  Woodward.     With  Appendix  by  Ealph  Tate,  F.G.S. 

6s.  6d. ;  in  cloth  boards,  7s.  6rf.    Appendix  separately,  Is, 
79**.  PHOTOGEAPHY,  the  Stereoscope,   &c.,  from  the  French 

of  D.  Van  Monckhoven,  by  W.  H.  Thornthwaite.     Is.  6d. 
96.  ASTEONOMY,  by  the  Eev.  E.  Main.      New  and  Enlarged 

Edition,  with  an  Appendix  on  "  Spectrum  Analysis."    Is.  6d. 

133.  METALLUEGY  OF  COPPEE,  by  Dr.  E.  H.  Lamborn.     2s. 

134.  METALLUEGY  OF  SILVEE  AND  LEAD,  by  Lamborn.   2s. 

135.  ELECTEO- METALLUEGY,  by  A.  Watt.    2s. 

138.  HANDBOOK  OF  THE  TELEGEAPH,  by!E.  Bond.    New 

and  Enlarged  Edition.     3s. 
143.  EXPEEIMENTAL  ESSAYS— On  the  Motion  of  Camphor 

and  Modern  Theory  of  Dew,  by  C.  Tomlinson.     Is. 

173.  PHYSICAL  GEOLOGY  (partly  based  on  Portlock's  "  Eudi- 

ments  of  Geology")'  by  Ealph  Tate,  A.L.S.,  &c.    2s. 

174.  HISTOEICAL  GEOLOGY  (partly  based  on  Portlock's  "  Eudi- 

ments  of  Geology  "),  by  Ealph  Tate,  A.L.S.,  &c.     2s.  Gel. 
V  173  and  174  in  1  vol.,  4s.  6rf. 

PUBLISHED  BY  LOCKWOOD  &   CO., 


EDUCATIONAL  WORKS. 


MISCELLANEOUS    TREATISES. 

12.  DOMESTIC  MEDICINE,  by  Dr.  Ealph  Gooding.    2s. 
112*.  THE  MANAGEMENT  OF  HEALTH,  by  James  Baird.    Is. 
113.  USE  OF  FIELD  AETILLEEY  ON  SEEYICE,  byTaubert, 

translated  by  Lieut.-Col.  H.  H.  Maxwell.     Is.  Qd. 
150.  LOGIC,  PUEE  AND  APPLIED,  by  S.  H.  Emmens.     Is.  Qd. 

152.  PEACTICAL  HINTS  FOE  INVESTING  MONEY:   with 

an  Explanation  of  the  Mode  of  Transacting  Business  on  the 
Stock  Exchange,  by  Francis  Playford,  Sworn  Broker.     Is. 

153.  LOCKE  ON  THE  CONDUCT  OF  THE  HUMAN  UNDEE- 

STANDING,  Selections  from,  by  S.  H.  Emmens.    2s. 

NEW  SERIES  OF  EDUCATIONAL  WORKS. 

1.  ENGLAND,  History  of,  by  W.  D.  Hamilton.  5s. ;  cloth  boards, 
6s.  (Also  in  5  parts,  price  Is.  each.) 

5.  GEEECE,  History  of,  by  W.  D.  Hamilton  and  E.  Levien,  M.A. 
2s.  6d. ;  cloth  boards,  3s.  Qd. 

7.  EOME,  History  of,  by  E.  Levien.     2s.  6d. ;  cloth  boards,  3s.  Gd. 

9.  CHEONOLOGY  OF  HISTOEY,  AET,  LITEEATUEE, 
and  Progress,  from  the  Creation  of  the  World  to  the  Con- 
clusion of  the  Franco-German  War.  The  continuation  by 
W.  D.  Hamilton,  F.S.A.  3s.  cloth  limp ;  3s.  6rf.  cloth  boards. 

11.  ENGLISH  GEAMMAE,  by  Hyde  Clarke,  D.C.L.     Is. 

11*.  HANDBOOK  OF  COMPAEAT1VE  PHILOLOGY,  by  Hyde 
Clarke,  D.C.L.     Is. 

12.  ENGLISH   DICTIONAEY,  containing  above  100,000  words, 

by  Hyde  Clarke,  D.C.L.     3s.  6d. ;  cloth  boards,  4s.  6d. 

,  with  Grammar.     Cloth  bds.  5s.  Gd. 

14.  GEEEK  GEAMMAE,  by  H.  C.  Hamilton.     Is. 

15.  —       -  DICTIONAEY,  by  H.  E.  Hamilton.  Vol.  1.  Greek- 

English.    2s. 

17. Vol.  2.  English— Greek.    2s. 

• Complete  in  1  vol.    4s. ;  cloth  boards,  5s. 

• ,  with  Grammar.     Cloth  boards,  6s. 

19.  LATIN  GEAMMAE,  by  T.  Goodwin,  M.A.     Is. 

20.  DICTIONAEY,  by  T.  Goodwin,  M.A.     Vol.  1.  Latin 

— English.     2s. 

22. Vol.  2.  English— Latin.     Is.  6d. 

Complete  in  1  vol.  3s.  Qd. ;  cloth  boards,  4s.  6e*. 

— ,  with  Grammar.    Cloth  bds.  5s.  6d. 

24.  FEENCH  GEAMMAE,  by  G.  L.  Strauss.     Is. 

25.  FEENCH  DICTIONAEY^  by  Elwes.  Vol.1.  Fr.— Eng.    Is.Gd. 
26. Vol.2.  English— French.     2s. 

Complete  in  1  vol.     3s. ;  cloth  boards,  3s.  6d. 

,  with  Grammar.    Cloth  bds.  4s.  6<*. 
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27.  ITALIAN  GRAMMAR,  by  A.  Elwes.     Is. 

28.  TRIGLOT   DICTIONARY,  by  A.  Elwes.    Vol.  1. 

Italian — English — French.    2s. 

30.  Vol.2.  English— French— Italian.    2*. 

32.  . Vol.  3.  French— Italian— English.    2s. 

.Complete  in  1  vol.     Cloth  boards,  7*.  Qd. 

,  with  Grammar.     Cloth  bds.  Ss.  Qd. 

34.  SPANISH  GRAMMAR,  by  A.  Elwes.     Is. 

35.  ENGLISH    AND    ENGLISH— SPANISH  DIC- 
TIONARY, by  A.  Elwes.    4s. ;  cloth  boards,  5s. 

-,  with  Grammar.    Cloth  boards,  6*. 

39.  GERMAN  GRAMMAR,  by  G.  L.  Strauss.     Is. 

40.  READER,  from  best  Authors.    Is. 

41.  TRIGLOT  DICTIONARY,  by  N.E.  S.  A.  Hamilton. 

Vol.  1.  English — German — French.     Is. 

42.  Vol.  2.  German— French— English.     1*. 

43.  Vol.  3.  French— German— English.    Is. 

• Complete  in  1  vol.     3s. ;  cloth  boards,  4s. 

,  with  Grammar.    Cloth  boards,  5s. 

44.  HEBREW  DICTIONARY,  by  Bresslau.  Vol.  1.  Heb.— Eng.  6s. 
,   with  Grammar.     7s. 

46.  Vol.  2.  English— Hebrew.    3s. 

Complete,  with  Grammar,  in  2  vols.    Cloth  boards,  12s. 

46*.  GRAMMAR,  by  Dr.  Bresslau.     Is. 

47.  FRENCH  AND  ENGLISH  PHRASE  BOOK.    Is. 

48.  COMPOSITION  AND  PUNCTUATION,  by  J.  Brenan.     Is. 

49.  DERIVATIVE  SPELLING  BOOK,  by  J.  Rowbotham.  Is.  6^. 

50.  DATES  AND  EVENTS,  by  Edgar  H.  Rand.    Is. 

51.  ART     OF    EXTEMPORE     SPEAKING.      Hints    for    the 

Pulpit,  the  Senate,  and  the  Bar,  by  M.  Bautain,  Professor  at 
the  Sorbonne,  &c.     2s.  Qd. 

52.  MINING  AND  QUARRYING,  by  J.  H.  Collins.     Is.  Qd. 

53.  PLACES  AND  FACTS,  by  Rand.     Is. 

THE 

SCHOOL  MANAGERS'  SERIES  OF  READING  BOOKS, 

Adapted  to  the  Requirements  of  the  Neiv  Code  0/1871. 
Edited  by  the  Rev.  A,  R.  GRANT,  Rector  of  Hitcham,  and  Honorary 

Canon  of  Ely;  formerly  H.M.  Inspector  of  Schools. 
INTRODUCTORY  s.  d. 


PRIMER  0  3 

FIRST  STANDARD  0  6 


s.  d. 

SECOND  STANDARD  0  10 
THIRD         1  0 


s.  d. 

FOURTH  STANDARD  1  2 
FIFTH  1  6 


A.  Sixth  Standard  in  preparation. 

LESSONS  FROM  THE  BIBLE.     Part  1.  Old  Testament.     Is. 
LESSONS  FROM  THE  BIBLE.     Part  2.  New    Testment,    and    Scripture 
Geography.     Is.  2d. 

Parts  I.  and  11.  bound  together,  2s. 

PUBLISHED  BY   LOCKWOOD   &   CO., 
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LATIN  AND  GREEK  CLASSICS, 

WITH    EXPLANATORY   NOTES    IN   ENGLISH. 


LATIN    SERIES. 

1.  A  NEW   LATIN    DELECTUS,   with  Vocabularies  and 

Notes,  by  H.  Young Is. 

2.  C2ESAE.    De  Bello  Gallico ;  Notes  by  H.  Young      .        .     2s. 

3.  COENELIUS  NEPOS;  Notes  by  H.  Young     .        .        .Is. 

4.  VIEGIL.     The  Georgics,  Bucolics,  and  Doubtful  Poems; 

Notes  by  W.  Eushton,  M.A.,  and  H.  Young  .        Is.  Qd. 

5.  VIEGIL.    .ZEneid    Notes  by  H.  Young  .        .        .2s. 

6.  HOEACE.    Odes,  Epodes,  and   Carmen  Seculare,  by  H. 

Young .        .Is.  Qd. 

7.  HOEACE.      Satires  and  Epistles,  by  W.  B.  Smith,  M. A.  Is.  Qd. 

8.  SALLUST.      Catiline  and    Jugurthine    War;    Notes  by 

W.  M.  Donne,  B.A Is.  Qd. 

9.  TEEENCE.    Andria  and  Heautontimorumenos ;  Notes  by 

the  Eev.  J.  Davies,  M.A Is.  Qd. 

10.  TEEENCE.     Adelphi,  Hecyra,   and  Phormio;  Notes  by 

the  Eev.  J.  Davies,  M.A 2s. 

11.  TEEENCE.    Eunuchus,  by  the  Eev.  J.  Davies,  M.A.       Is.  Qd. 

Nos.  9,  10,  and  II  in  I  rol.  cloth  boards,  6s. 

12.  CICEEO.     Oratio  Pro  Sexto  Eoscio  Amerino.     Edited, 

with  Notes,  &c.,  by  J.  Davies,  M.A.    Noiv  ready     .        .     Is. 
14.  CICEEO.    De  Amicitia,  de  Senectute,  and  Brutus ;  Notes 

by  the  Eev.  W.  B.  Smith,  M.A 2s. 

16.  LIVY.    Books  i.,  ii.,  by  H.  Young     ....       Is.  Qd. 
16*.  LIVY.    Books  iii.,  iv.,  v.,  by  H.  Young    .  Is.  Qd. 

17.  LIVY.    Books  xxi.,  xxii.,  by  W.  B.  Smith,  M.A.          .       Is.  Qd. 

19.  CATULLUS,   TIBULLUS,   OVID,  and  PEOPEETIUS, 

Selections  from,  by  W.  Bodham  Donne  .        .        .        .2s. 

20.  SUETONIUS  and  the  later  Latin  Writers,  Selections  from, 

by  W.  Bodham  Donne 2s. 

21.  THE  SATIEES  OF  JUVENAL,  by  T.  H.  S.  Escort,  M.A., 

of  Queen's  College,  Oxford Is.  Qd. 
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GREEK    SERIES. 

WITH   EXPLANATORY   NOTES  IN   ENGLISH. 


1.  A  NEW  GREEK  DELECTUS,  by   H.  Young       ;        .     Is. 

2.  XENOPHON.    Anabasis,  i.,  ii.,  iii.,  by  H.  Young      .        .     Is. 

3.  XENOPHON.    Anabasis,  iv.,  v.,  vi.,  vii.,  by  H.  Young     .     Is. 

4.  LUCIAN.    Select  Dialogues,  by  H.  Young         .        .         .Is. 

5.  HOMER.    Iliad,  i.  to  vi.,  by  T.  H.  L.  Leary,  D.C.L.        Is.  Qd. 

6.  HOMER.     Iliad,  vii.  to  xii.,  by  T.  H.  L.  Leary,  D.C.L.    Is.  Qd. 

7.  HOMER.     Iliad,  xiii.  to  xviii.,  by  T.H.  L.  Leary,  D.C.L.  Is.  Qd. 

8.  HOMER.    Iliad,  xix.  to  xxiv.,  by  T. H. L.  Leary,  D.C.L.  Is.  Qd. 

9.  HOMER.     Odyssey,  i.  to  vi.,  by  T.  H.  L.  Leary,  D.C.L.   Is.  Qd. 

10.  HOMER.     Odyssey,  vii.  to  xii.,  by  T.  H.  L.  Leary,  D.C.L.  Is.  Qd. 

11.  HOMER.     Odyssey,xiii.toxviii.,byT.H.L.Leary,D.C.L.  Is.Qd. 

12.  HOMER.     Odyssey,  xix.  to  xxiv. ;  and  Hymns,  by  T.  H.  L. 

Leary,  D.C.L 2s. 

13.  PLATO.    Apologia,  Crito,  and  Phsedo,  by  J.  Davies,  M.A.     2s. 

14.  HERODOTUS,  Books  i.,  ii.,  by  T.  H.  L.  Leary,  D.C.L.    Is.  Qd. 

15.  HERODOTUS,  Books  iii.,  iv.,  by  T.  H.  L.  Leary,  D.C.L.  Is.  Qd. 

16.  HERODOTUS,  Books  v.,vi.,  vii.,  by T.H.L.  Leary,  D.C.L.  Is.  Qd. 

17.  HERODOTUS,  Books  viii.,  ix.,  and  Index,  by  T.  H.  L. 

Leary,  D.C.L Is.Qd. 

18.  SOPHOCLES.     (Edipus  Tyrannus,  by  H.  Young      .        .     Is. 
20.  SOPHOCLES.    Antigone,  by  J.  Milner,  B.A.     .   -     .        .2s. 
23.  EURIPIDES.   Hecuba  and  Medea,  by  W.  B.  Smith,  M.A.  Is.  Qd. 
26.  EURIPIDES.    Alcestis,  by  J.  Milner,  B.A.       .        .        .Is. 
30.  -ESCHYLUS.     Prometheus  Vinctus,  by  J.  Davies,  M.A.    .     Is. 
32.  ^SCHYLUS.    Septem  contra  Thebas,  by  J.  Davies,  M.A.     Is. 

40.  ARISTOPHANES.    Acharnenses,  by  C.  S.  D.  Townshend, 

M.A .        .       ls.Qd. 

41.  THUCYDIDES.  Peloponnesian  War.  Book  i.,  by  H.  Young  Is. 

42.  XENOPHON.  Panegyric  on  Agesilaus,  by  LI.  F.W.Jewitt  Is.  Qd. 
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ENGINEERING,  SURVEYING,  &c. 

Humbers  New  Work  on  Water-Supply. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  WILLIAM  HUMBER,  Assoc.  Inst. 
C.E.,  and  M.  Inst.  M.E.  Author  of  "Cast  and  Wrought  Iron 
Bridge  Construction,"  &c.  &c.  This  work,  it  is  expected,  will  con- 
tain about  50  Double  Plates,  and  upwards  of  300  pages  of  Text. 
Imp.  4to,  half  bound  in  morocco.  [/;/  the  press. 

* %*  In  accumulating  information  for  this  volume,  the  Author  has 
been  very  liberally  assisted  by  several  professional  friends,  who  have 
made  this  department  of  engineering  their  special  study.  He  has  thus 
been  in  a  position  to  prepare  a  work  which,  "within  the  limits  of  a 
single  volume,  will  supply  the  reader  with  the  most  complete  and 
reliable  information  ^lpon  all  subjects,  theoretical  and  practical,  con- 
nected with  water  stipply.  Through  the  kindness  of  Messrs.  Atider- 
son,  Bateman,  Haivksley,  Homersham,  Baldwin  Latham,  Lawson, 
Milne,  Quick,  Rawlinson,  Simpson,  and  others,  several  works,  con- 
structed and  in  course  of  construction,  from  the  designs  of  these  gentle- 
men, will  be  fully  illustrated  and  described. 

AMONGST    OTHER   IMPORTANT   SUBJECTS   THE   FOLLOWING   WILL   BE   TREATED 
IN   THE   TEXT  :— 

Historical  Sketch  of  the  means  that  have  been  proposed  and  adopted  for  the  Supply 
of  Water. — Water  and  the  Foreign  Matter  usually  associated  with  it. — Rainfall  and 
Evaporation. —  Springs  and  Subterranean  Lakes. —  Hydraulics. — The  Selection  of 
Sites  for  Water  Works. — Wells. — Reservoirs. — Filtration  and  Filter  Beds. — Reservoir 
and  Filter  Bed  Appendages. — Pumps  and  Appendages. — Pumping  Machinery.— 
Culverts  and  Conduits,  Aqueducts,  Syphons,  &c. — Distribution  of  Water. — Water 
Meters  and  general  House  Fittings. — Cost  of  Works  for  the  Supply  of  Water. — Con- 
stant and  Intermittent  Supply. — Suggestions  for  preparing  Plans,  &c.  &c.,  together 
with  a  Description  of  the  numerous  Works  illustrated,  viz  : — Aberdeen,  Bideford, 
Cockermouth,  Dublin,  Glasgow,  Loch  Katrine,  Liverpool,  Manchester,  Rotherham, 
Sunderland,  and  several  others ;  with  copies  of  the  Contract,  Drawings  and  Specifi- 
cation in  each  case. 
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Humber  s  Modern  Engineering.     First  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1863.  Comprising  Civil,  Mechanical,  Marine,  Hydraulic, 
Railway,  Bridge,  and  other  Engineering  Works,  &c.  By  WILLIAM 
HUMBER,  Assoc.  Inst.  C.E.,  &c.  Imp.  410,  with  36  Double 
Plates,  drawrn  to  a  large  scale,  and  Photographic  Portrait  of  John 
Hawkshaw,  C.E.,  F.R.S.,  &c.  Price  3/.  3^.  half  morocco. 

List  of  the  Plates. 

NAME   AND   DESCRIPTION.        '  PLATES.  NAME   OF   ENGINEER. 

Victoria  Station  and  Roof— L.  B.&S.  C.  Rail.       i  to  8       Mr.  R.  Jacomb  Hood,  C.E. 

Southport  Pier 9  and  10    Mr.  James  Brunlees,  C.E. 

Victoria  Station  and  Roof— L.  C.  &  D.  &  G.  W 

Railways utoi 

Roof  of  Cremorne  Music  Hall 16 

Bridge  over  G.  N.  Railway 

Roof  of  Station — Dutch  Rhenish  Railway   . 
Bridge  over  the  Thames  — West  London  Ex 

tension  Railway 

Armour  Plates 

Suspension  Bridge,  Thames 

The  Allen  Engine 


Mr.  John  Fowler,  C.E. 
Mr.  William  Humber,  C.E. 
Mr.  Joseph  Cubitt,  C.E. 


17  Mr.  josepn  c-UDitt,  i 

iSandig    Mr.  Euschedi,  C.E. 

20  to  24    Mr.  William  Baker,  C.E. 


25 
26  to  29 

30 
Suspension  Bridge,  Avon 31   to  33 

Underground  Railway  . . 


es  Chalmers,  C.E. 


Mr.  James 

Mr.  Peter  W.  Barlow,  C.E. 
Mr.  G.  T.  Porter,  M.E. 
Mr.  John  Hawkshaw,  C.E. 
and  W.  H.  Barlow,  C.E. 
34  to  36     Mr.  John  Fowler,  C.E. 


With  copious  Descriptive  Letterpress,  Specifications,  &c. 


"  Handsomely  lithographed  and  printed.  It  will  find  favour  with  many  who  desire 
to  preserve  in  a  permanent  form  copies  of  the  plans  and  specifications  prepared  for  the 
guidance  of  the  contractors  for  many  important  engineering  works." — Engineer. 

Numbers  Modern  Engineering.     Second  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1864  ;  with  Photographic  Portrait  of  Robert  Steohenson, 
C.E.,  M.P.,  F.R.S.,  &c.  Price  3/.  3-r.  half  morocco. 

List  of  the  Plates. 

NAME   AND    DESCRIPTION.  PLATES. 

Birkenhead  Docks.  Low  Water  Basir.   i  to  15 

Charing  Cross  Station  Roof— C.  C.  Railway.  16  to  18 
Digswell  Viaduct — Great  Northern  Railway.          19 
Robbery  Wood  Viaduct— Great  N.  Railway.          20 

Iron  Permanent  Way zoa 

Clydach  Viaduct  —  Merthyr,  Tredegar,  and 


NAME    OF    ENGINEER. 

Mr.  G.  F.  Lyster,  C.E 
Mr.  Hawkshaw,  C.E. 
Mr.  J.  Cabitt,  C.E. 
Mr.  J.  Cubitt,  C.E. 


Abergavenny  Railway 

Ebbw  Viaduct        ditto        ditto        ditto  22 

College  Wood  Viaduct — Cornwall  Railway  . .          23 

Dublin  Winter  Palace  Roof 24  to  26 

Bridge  over  the  Thames — L.  C.  &  D.  Railw.  27  to  32 

Albert  Harbour,  Greenock    33  to  36 

With  copious  Descriptive  Letterpress,  Specifications,  &c. 


Mr.  Gardner,  C.E. 

Mr.  Gardner,  C.E. 

Mr.  Brunei. 

Messrs.  Ordish  &  Le  Feuvre. 

Mr.  J.  Cubitt,  C.E. 

Messrs.  Bell  &  Miller. 


"  A  resume  of  all  the  more  interesting  and  important  works  lately  completed  in  Great 
Britain ;  and  containing,  as  it  does,  carefully  executed  drawings,  with  full  working 
details  will  be  found  a  valuable  accessory  to  the  profession  at  large." — Engineer. 

•'Mr.  Humber  has  done  the  profession  rood  and  true  service,  by  the  fine  collection 
of  examples  he  has  here  brought  before  the  profession  and  the  public." — Practical 
Mechanic's  Journal. 
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Humbers  Modern  Engineering.     Third  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER. 
ING,  1865.  Imp.  4to,  with  40  Double  Plates,  drawn  to  a  large 
scale,  and  Photographic  Portrait  of  J.  R.  M 'Clean,  Esq.,  late  Pre- 
sident of  the  Institution  of  Civil  Engineers.  Price  3/.  3^.  half 
morocco. 

List  of  Plates  and  Diagrams. 


MAIN  DRAINAGE,  METROPOLIS. 

NORTH  SIDE. 

Map  showing  Interception  of  Sewers. 
Middle  Level  Sewer.     Sewer  under  Re- 
gent's Canal. 
Middle  Level  Sewer.    Junction  with  Fleet 

Ditch. 
Outfall  Sewer.     Bridge  over  River  Lea. 

Elevation. 
Outfall  Sswer.     Bridge  over  River  Lea. 

Details. 
Outfall  Sewer.     Bridge  over  River  Lea. 

Details. 
Outfall  Sewer.    Bridge   over  Marsh  Lane, 

North  Woolwich  Railway,  and  Bow  and 

Barking  Railway  Junction. 
Outfall   Sewer.      Bridge    over    Bow  and 

Barking  Railway.     Elevation. 
Outfall    Sewer.      Bridge  over   Bow  and 

Barking  Railway.     Details. 
Outfall   Sewer.      Bridge   over    Bow  and 

Barking  Railway.     Details. 
Outfall  Sewer.    Bridge  over  East  London 

Waterworks'  Feeder.     Elevation. 
Outfall  Sewer.     Bridge  over  East  London 

Waterworks'  Feeder.     Details. 
Outfall  Sewer.     Reservoir.     Plan. 
Outfall  Sewer.     Reservoir.     Section. 
Outfall  Sewer.  Tumbling  Bay  and  Outlet. 
Outfall  Sewer.    Penstocks. 

SOUTH  SIDE. 

Outfall  Sewer.     Bermondsey  Branch. 
Outfall  Sewer.     Bermondsey  Branch. 


Outfall  Sewer. 
Plan. 


Reservoir  and    Outlet. 


MAIN  DRAINAGE,  METROPOLIS, 

continued — 
Outfall    Sewer.     Reservoir    and   Outlet. 

Details. 
Outfall    Sewer.      Reservoir    and   Outlet. 

Details. 
Outfall   Sewer.      Reservoir   and    Outlet. 

Details. 

Outfall  Sewer.     Filth  Hoist. 
Sections   of   Sewers     (North   and   South 

Sides). 

THAMES   EMBANKMENT. 

Section  of  River  Wall. 

Steam-boat  Pier,  Westminster.  Elevation 

Steam-boat  Pier,  Westminster.    Details. 

Landing  Stairs  between  Charing  Cros 
and  Waterloo  Bridges. 

York  Gate.     Front  Elevation. 

York  Gate.     Side  Elevation  and  Details. 

Overflow  and  Outlet  at  Savoy  Street  Sewer. 
Details. 

Overflow  and  Outlet  at  Savoy  S  treet  Sewer. 
Penstock. 

Overflow  and  Outlet  at  Savoy  Street  Sewer. 
Penstock. 

Steam-boat  Pier,  Waterloo  Bridge.  Eleva- 
tion. 

Steam-boat  Pier,  Waterloo  Bridge.  De- 
tails. 

Steam-boat  Pier,  Waterloo  Bridge.  De- 
tails. 

Junction  of  Sewers.     Plans  and  Sections. 

Gullies.     Plans  and  Sections. 

Rolling  Stock. 

Granite  and  Iron  Forts. 


With  copious  Descriptive  Letterpress,  Specifications,  &c. 


Opinions  of  the  Press. 

"  Mr.  Humber's  works — especially  his  annual  '  Record,'  with  which  so  many  of  our 

readers  are  now  familiar — fill  a  void  occupied  by  no  other  branch  of  literature 

The  drawings  have  a  constantly  increasing  value,  and  whoever  desires  to  possess  clear 
representations  of  the  two  great  works  carried  out  by  our  Metropolitan  Board  will 
obtain  Mr.  Humber's  last  volume." — Engineering. 

"  No  engineer,  architect,  or  contractor  should  fail  to  preserve  these  records  of  works 
which,  for  magnitude,  have  not  their  parallel  in  the  present  day,  no  student  in  the 
profession  but  should  carefully  study  the  details  of  these  great  works,  which  he  may  be 
one  day  called  upon  to  imitate." — Mechanic's  Magazine. 

"A  work  highly  creditable  to  the  industry  of  its  author The  volume  is  quite 

an  encyclopaedia  for  the  study  of  the  student  who  desires  to  master  the  subject  Ttf 
municipal  drainage  on  its  scale  of  greatest  development."—  Practical  Mechanic's* 
Journal. 
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Hiimber's  Modern  Engineering.    Fourth  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING,  1866.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a  large 
scale,  and  Photographic  Poi trait  of  John  Fowler,  Esq.,  President 
of  the  Institution  of  Civil  Engineers.  Price  3/.  $s.  half-morocco. 


List  of  the  Plates  and  Diagrams. 


NAME  AND   DESCRIPTION..  PLATES. 

Abbey  Mills  Pumping  Station,  Main  Drainr.ge, 
Metropolis i  to  4 

Barrow  Docks 5  to  9 

Manquis  Viaduct,  Santiago  and  Valparaiso 

Railway 10,  1 1 

Adams' Locomotive,  St.  Helen's  Canal  Railw.       12,  13 

Cannon  Street  Station  Roof,  Charing  Cross 
Railway 

Read  Bridge  over  the  River  Moka 

Telegraphic  Apparatus  for  Mesopotamia  . . . 


14  to  16 

17,  18 

19 


NAME   OF   ENGINEER. 


Mr.  Bazalgette,  C.E. 
Messrs.  M'Clean  &  Stillman, 
[C.E. 

Mr.  W.  Loyd,  C.E. 
Mr.  H.  Cross,  C.E. 

Mr.  J.  Hawkshaw,  C.E. 
Mr.  H. 


t.  Wakefield,  C.E. 
Mr.  Siemens,  C.E. 

Yiaduct'over  the  River  Wye,  Midland  Railw.    20  to  22     Mr.  W.  H.  Barlow,  C.E. 

23,  24      Mr.  Brunei,  C.E. 

25          Mr  J.  Coode,  C.E. 
26  to   31    Messrs.  J.  Fowler,  C.E.,  and 

William  Wilson,  C.E. 
32         Mr.  Milroy,  C.E. 
33    to  38    Mr.  J.  Fowler,  Engineer-in- 
Chief,    and     Mr.    T.    M. 
Johnson,  C.E. 


St.  Germans  Viaduct,  Cornwall  Railway 

Wrought-Iron  Cylinder  for  Diving  Bell 

Millwall  Docks , 

Milroy's  Patent  Excavator    . . 
Metropolitan  District  Railway 


Harbours,  Ports,  and  Breakwaters A  to  c 

77ie  Letterpress  comprises — 

A  concluding  article  on  Harbours,  Ports,  and  Breakwaters,  with 
Illustrations  and  detailed  descriptions  of  the  Breakwater  at  Cher- 
bourg, and  other  important  modern  works  ;  an  article  on  the 
Telegraph  Lines  of  Mesopotamia  ;  a  full  description  of  the  Wrought- 
iron  Diving  Cylinder  for  Ceylon,  the  circumstances  under  which  it 
was  used,  and  the  means  of  working  it  ;  full  description  of  the 
Millwall  Docks  ;  £c.,  &c.,  &c. 


Opinions  pf  the  Press. 

"Mr.  Humber's  'Record  of  Modern  Engineering'  is  a  work  of  peculiar  value,  as 
well  to  those  who  design  as  to  those  who  study  the  art  of  engineering  construction. 
It  embodies  a  vast  amount  of  practical  information  in  the  form  of  full  descriptions  and 
working  drawings  of  all  the  most  recent  and  noteworthy  engineering  works.  The 
plates  are  excellently  lithographed,  and  the  present  volume  of  the  '  Record '  is  not  a 
whit  behind  its  predecessors." — Mechanic  J  Magazine. 

"We  gladly  welcome  another  year's  issue  of  this  valuable  publication  from  the  able 
pen  of  Mr.  number.  The  accuracy  and  general  excellence  of  this  work  are  well 
known,  while  its  usefulness  in  giving  the  measurements  and  details  of  some  of  the 
latest  examples  of  engineering,  as  carried  out  by  the  most  eminent  men  in  the  profes- 
sion, cannot  be  too  highly  prized." — Artizan. 

"  The  volume  forms  a  valuable  companion  to  those  which  have  preceded  it,  and 
cannot  fail  to  prove  a  most  important  addition  to  every  engineering  library." — Mining 
Journal. 

"  No  one  of  Mr.  Humber's  volumes  was  bad  ;  all  were  worth  their  cost,  from  the 
mass  of  plates  from  well-executed  drawings  which  they  contained.  In  this  respect, 
r^rhaps,  this  last  volume  is  the  most  valuable  that  the  author  has  produced." — Prac- 
tical Mechanics'  Journal, 
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Numbers  Great  Work  on  Bridge  Constmction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including 
Iron  Foundations.  In  Three  Parts — Theoretical,  Practical,  and 
Descriptive.  By  WILLIAM  HUMBER,  Assoc.  Inst.  C.  E.,  and  M.  Inst. 
M.E.  Third  Edition,  revised  and  much  improved,  with  115  Double 
Plates  (20  of  which  now  first  appear  in  this  edition),  and  numerous 
additions  to  the  Text.  In  2  vols.  imp.  410.,  price  6/.  i6s.  6d.  half- 
bound  in  morocco. 

"A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In 
addition  to  elevations,  plans,  and  sections,  large  scale  details  are  given,  which  very 
much  enhance  the  instructive  worth  of  these  illustrations.  No  engineer  would  wil- 
lingly be  without  so  valuable  a  fund  of  information. " — Civil  Engineer  and  A  rckitecfs 
Journal. 

"The  First  or  Theoretical  Part  contains  mathematical  investigations  of  the  prin- 
ciples involved  in  the  various  forms  now  adopted  in  bridge  construction.  These 
investigations  are  exceedingly  complete,  having  evidently  been  very  carefully  con- 
sidered and  worked  out  to  the  utmost  extent  that  can  be  desired  by  the  practical  man. 
The  tables  are  of  a  very  useful  character,  containing  the  results  of  the  most  recent 
experiments,  and  amongst  them  are  some  valuable  tables  of  the  weight  and  cost  o 
cast  and  wrought-iron  structures  actually  erected.  The  volume  of  text  is  amply  illus- 
trated by  numerous  woodcuts,  plates,  and  diagrams  :  and  the  plates  in  the  second 
volume  do  great  credit  to  both  draughtsmen  and  engravers.  In  conclusion,  we  have 
great  pleasure  in  cordially  recommending  this  work  to  our  readers." — Artisan. 

"  Mr.  Humber's  stately  volumes  lately  issued — in  which  the  most  important  bridges 
erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W. 
Cubitt,  Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our 
most  eminent  engineers,  are  drawn  and  specified  in  great  detail." — Engineer. 

Weale's  Engineer  s  Pocket-Book. 

THE  ENGINEER'S,  ARCHITECT'S,  and  CONTRACTOR'S 
POCKET-BOOK  (LOCKWOOD  &  Co.'s;  formerly  WHALE'S). 
Published  Annually.  In  roan  tuck,  gilt  edges,  with  10  Copper- 
Plates  and  numerous  Woodcuts.  Price  6s. 

"  A  vast  amount  of  really  valuable  matter  condensed  into  the  small  dimen- 
sions of  a  book  which  is,  in  reality,  what  it  professes  to  be — a  pocket-book 

We  cordially  recommend  the  book  to  the  notice  of  the  manag?rs  of  coal  and  other 
mines;  to  them  it  wiii  prove  a  handy  book  of  reference  on  a  variety  of  subjects  more 
or  less  intimately  connected  with  their  profession." — Colliery  Guardian. 

"  Every  branch  of  engineering  is  treated  of,  and  facts,  figutes,  and  data  of  every 
kind  abound." — Mechanics'  Mag. 

"  It  contains  a  large  amount  of  information  peculiarly  valuable  to  those  for  whose 
use  it  is  compiled.  We  cordially  commend  it  to  the  engineering  and  architectural 
professions  generally." — Mining  Journal. 

Iron  Bridges,  Girders,  Roofs,  &c. 

A  TREATISE  on  the  APPLICATION  of  IRON  to  the  CON- 
STRUCTION of  BRIDGES,  GIRDERS,  ROOFS,  and  OTHER 
WORKS  ;  showing  the  Principles  upon  which  such  Structures  are 
Designed,  and  their  Practical  Application.  Especially  arranged  for 
the  use  of  Students  and  Practical  Mechanics,  all  Mathematical  For- 
mula and  Symbols  being  excluded.  By  FRANCIS  CAMPIN,  C.E. 
With  numerous  Diagrams.  I2mo.,  cloth  boards,  3-r. 

{Recently  published. 
"  For  numbers  of  young  engineers  the  book  is  just  the  cheap,  handy,  first  guide 


they  want."  —  Middlesboroitgh  'Weekly  News* 
"  Invaluable  t 


to  those  who  have  not  been  educated  in  mathematics."—  Colliery 
Guardian. 

"  Remarkably  accurate  and  well  written."  —  Artizati. 
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Barlow  on  the  Streiigth  of  Materials,  enlarged. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  application  in  Architecture,  the  Construction  of 
Suspension  Bridges,  Railways,  &c.  ;  and  an  Appendix  on  the 
Power  of  Locomotive  Engines,  and  the  effect  of  Inclined  Planes 
and  Gradients.  By  PETER  BARLOW,  F.R.S.  A  New  Edition, 
revised  by  his  Sons,  'P.  W.  BARLOW,  F.R.S.,  and  W.  H.  BARLOW, 
F.R.S.,  to  which  are  added  Experiments  by  HODGKINSON,  FAIR- 
BAIRN,  and  KIRKALDY  ;  an  Essay  (with  Illustrations)  on  the  effect 
produced  by  passing  Weights  over  Elastic  Bars,  by  the  Rev. ' 
ROBERT  WILLIS,  M.A.,  F.R.S.  And  Formulae  for  Calculating 
Girders,  &c.  The  whole  arranged  and  edited  by  W.  H  UMBER, 
Assoc.  Inst.  C.E.,  Author  of  "  A  Complete  and  Practical  Treatise 
on  Cast  and  Wrought-Iron  Bridge  Construction,"  &c.  &c.  Demy 
8vo,  400  pp.,  with  19  large  Plates,  and  numerous  woodcuts,  price 
i&r.  cloth. 

"  Although  issued  as  the  sixth  edition,  the  volume  under  consideration  is  worthy  of 
being  regarded,  for  all  practical  purposes,  as  an  entirely  new  work  .  .  .  the  book 
is  undoubtedly  worthy  of  the  highest  commendation." — Mining  Journal. 

"An  increased  value  has  been  given  to  this  very  valuable  work  by  the  addition  of 
a  large  amount  of  information,  which  cannot  prove  otherwise  than  highly  useful  to 

those  who  require  to  consult  it The  arrangement  and  editing  of  this 

mass  of  information  has  been  undertaken  by  Mr.  Humber,  who  has  most  ably  fulfilled  a 
task  requiring  special  care  and  ability  to  render  it  a  success." — Mechanics'  Magazine. 

"The  best  book  on  the  subject  which  has  yet  appeared We  know  of 

no  work  that  so  completely  fulfils  its  mission." — English  Mechanic. 

"  There  is  not  a  pupil  in  an  engineering  school,  an  apprentice  in  an  engineer's  or 
architect's  office,  or  a  competent  clerk  of  works,  who  will  not  recognise  in  the  scientific 
volume  newly  given  to  circulation,  an  old  and  valued  friend." — Building  News. 
"The  standard  treatise  upon  this  particular  subject." — Engineer. 

Strains,  Formula  &  Diagrams  for  Calculation  of. 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in  GIRDERS  and  SIMILAR  STRUCTURES,  and  their 
STRENGTH  ;  consisting  of  Formula;  and  Corresponding  Diagrams, 
with  numerous  Details  for  Practical  Application,  &c.  By  WILLIAM 
HUMBER,  Assoc.  Inst.  C.E.,  &c.  Fcap.  8vo,  with  nearly  100 
Woodcuts  and  3  Plates,  price  "js.  6d.  cloth. 

"The  arrangement  of  the  matter  in  this  little  volume  is  as  convenient  as  it  well 

could  be The  system  of  employing  diagrams  as  a  substitute  for  complex 

computations  is  one  justly  coming  into  great  favour,  and  in  that  respect  Mr.  Humber's 
volume  is  fully  up  to  the  times." — Engineering'. 

"The  formulae  are  neatly  expressed,  and  the  diagrams  good." — Athenceum. 

"We  heartily  commend  this  really  handy  book  to  our  engineer  and  architect 
readers. " — English  Mechanic. 

Mechanical  Engineering. 

A  PRACTICAL  TREATISE  ON  MECHANICAL  ENGI- 
NEERING: comprising  Metallurgy,  Moulding,  Casting,  Forging, 
Tools,  Workshop  Machinery,  Mechanical  Manipulation,  Manufac- 
ture of  the  Steam  Engine,  &c.  &c.  With  an  Appendix  on  the 
Analysis  of  Iron  and  Iron  Ore,  and  Glossary  of  Terms.  By  FRANCIS 
CAM  PIN,  C.E.  Illustrated  with  91  Woodcuts  and  28  Plates  of 
Slotting,  Shaping,  Drilling,-  Punching,  Shearing,  and  Riveting 
Machines — Blast,  Refining,  and  Reverberatory  Furnaces — Steam 
Engines,  Governors,  Boilers,  Locomotives,  &c.  8vo,  cloth,  I2J. 
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Strains. 

THE    STRAINS    ON    STRUCTURES    OF    IRONWORK; 
with  Practical  Remarks  on  Iron  Construction.    By  F.  W.  SHEILDS, 
M.  Inst.  C.E.    Second  Edition,  with  5  plates.    Royal  8vo,  5.?.  cloth. 
CONTENTS. — Introductory  Remarks  ;  Beams  Loaded  at  Centre  ;  Beams  Loaded  at 
unequal  distances  between  supports  ;  Beams  uniformly  Loaded  ;  Girders  with  triangu- 
lar bracing  Loaded  at  centre  ;  Ditto,  Loaded  at  unequal  distances  between  supports  ; 
Ditto,   uniformly   Loaded ;    Calculation   of  the   Strains  on   Girders  with   triangular 
Basings  ;  Cantilevers;  Continuous  Girders;  Lattice  Girders;  Girders  with  Vertical 
Struts   and  Diagonal  Ties  ;  Calculation  of  the   Strains  on  Ditto ;  Bow  and  String 
Girders  ;  Girders  of  a  form  not  belonging  to  any  regular  figure  ;  Plate  Girders  ;  Ap- 
portionments of  Material  to  Strain ;  Comparison  of  different  Girders ;  Proportion  of 
Length  to  Depth  of  Girders  ;  Character  of  the  Work  ;  Iron  Roofs. 

Construction  of  Iron  Beams,  Pillars,  &c. 

IRON  AND  HEAT,  Exhibiting  the  Principles  concerned  in  the 
Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  the  Smelting  Furnace.  By  JAMES  ARMOUR, 
C.E.  Woodcuts,  I2mo,  cloth  boards,  $s.  (>d.  ;  cloth  limp,  2s.  6d. 

[Recently  published. 

"  A  very  useful  and  thoroughly  practical  little  volume,  in  every  way  deserving  of 
circulation  amongst  working  men." — Mining  Journal. 

"No  ironworker  who  wishes  to  acquaint  himself  with  the  principles  of  his  own 
trade  can  afford  to  be  without  it." — South  Durham  Mercury. 

Power  in  Motion. 

POWER  IN  MOTION  :  Horse  Power,  Motion,  Toothed  Wheel 
Gearing,  Long  and  Short  Driving  Bands,  Angular  Forces,  &c. 
By  JAMES  ARMOUR,  C.E.  With  73  Diagrams.  I2mo,  cloth 
boards,  $s.  6d.  \Recently  published. 

"  Numerous  illustrations  enable  the  author  to  convey  hi>  meaning  as  explicitly  as 
it  is  perhaps  possible  to  be  conveyed.  The  value  of  the  theoretic  and  practical  know- 
ledge imparted  cannot  well  be  over  estimated. " — Nevucastle  Weekly  Chronicte. 

Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON  :  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufacture  of 
Iron  and  Steel,  &c.  By  H.  BAUERMAN,  F.G.S.,  Associate  of  the 
Royal  School  of  Mines.  With  numerous  Illustrations.  Third 
Edition,  revised  and  much  enlarged.  I2ino.,  cloth  boards,  $s.  6d. 
"  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important 

points,  while  all  material  matters  are  very  fully  and  thoroughly  entered  into." — 

Standard. 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c.,  with  the  most  useful  Problems  in  Geodesy 
and  Practical  Astronomy,  and  Formulae  and  Tables  for  Facilitating 
their  Calculation.  By  LIEUT-GENERAL  FROME,  R.E.,  late  In- 
spector-General of  Fortifications,  &c.  Fourth  Edition,  Enlarged, 
thoroughly  Revised,  and  partly  Re-written.  By  CAPTAIN  CHARLES 
WARREN,  R.E.,  F.G.S.  With  19  Plates  and  115  Woodcuts, 
royal  8vo,  price  i6s.  cloth.  \_Jnst  published. 
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Hydraulics. 


HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULA 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  By  JOHN  NEVILLE,  Civil  Engineer,  M.R.I.  A. 
Second  Edition,  with  extensive  Additions,  New  Formulae,  Tables, 
and  General  Information  on  Rain-fall,  Catchment- Basins,  Drainage, 
Sewerage,  Water  Supply  for  Towns  and  Mill  Power.  With  nume- 
rous Woodcuts,  8vo,  i6s.  cloth. 

%*  This  work  contains  a  vast  number  of  different  hydraulic 
formulae,  and  the  most  extensive  and  accurate  tables  yet  published 
for  finding  the  mean  velocity  of  discharge  from  triangular,  quadri- 
lateral, and  circular  orifices,  pipes,  and  rivers  ;  with  experimental 
results  and  co-efficients ;  effects  of  friction ;  of  the  velocity  of 
approach  ;  and  of  curves,  bends,  contractions,  and  expansions  ;  the 
best  form  of  channel ;  the  drainage  effects  of  long  and  short  weirs, 
and  weir-basins  ;  extent  of  back-water  from  weirs ;  contracted 
channels ;  catchment-basins ;  hydrostatic  and  hydraulic  pressure  ; 
water-power,  &c.  &c. 

Levelling. 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING ;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roads  ;  with  Mr. 
TELFORD'S  Rules  for  the  same.  By  FREDERICK  W.  SIMMS, 
F.  G.  S. ,  M.  Inst.  C.  E.  Fifth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  LAW'S  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  TRAUTWINE'S  Field  Practice  of  Laying 
out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts.  8vo, 
8s,  6d.  cloth.  %*  TRAUTWINE  on  Curves,  separate,  price  5.?. 

"  One  of  the  most  important  text-books  for  the  general  surveyor,  and  there  is 
scarcely  a  question  connected  with  levelling  for  which  a  solution  would  be  sought  but 
that  would  be  satisfactorily  answered  by  consulting  the  volume." — Mining  Journal. 

"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges." — 
Engineer. 

"The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to 
the  younger  members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  work." 
— Engineering. 

Tunnelling. 

PRACTICAL  TUNNELLING ;  explaining  in  Detail  the  Setting 
out  of  the  Works  ;  Shaft  Sinking  and  Heading  Driving  ;  Ranging 
the  Lines  and  Levelling  Under-Ground  ;  Sub- Excavating,  Timber- 
ing, and  the  Construction  of  the  Brickwork  of  Tunnels ;  with  the 
Amount  of  Labour  required  for,  and  the  Cost  of  the  various  Por- 
tions of  the  Work.  By  FREDK.  W.  SIMMS,  F.R.A.S.,  F.G.S., 
M.  Inst.  C.E.,  Author  of  "A  Treatise  on  the  Principles  and 
Practice  of  Levelling,"  &c.  &c.  Second  Edition,  revised  by  W. 
DAVIS  HASKOLL,  Civil  Engineer,  Author  of  "The  Engineer's 
Field-Book,"  &c.  &c.  With  16  large  folding  Plates  and  numerous 
Woodcuts.  Imperial  8vo,  I/,  is.  eloth. 


WORKS   PUBLISHED   BY   LOCKWOOD   &   CO.  9 

Strength  of  Cast  Iron,  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  the  late  THOMAS  TREDGOLD,  Mem. 
Inst.  C.E.,  Author  of  "Elementary  Principles  of  Carpentry,"  &c. 
Fifth  Edition,  Edited  by  EATON  HODGKINSON,  F.R.S.  ;  to 
which  are  added  EXPERIMENTAL  RESEARCHES  on  the 
STRENGTH  and  OTHER  PROPERTIES  of  CAST  IRON. 
By  the  EDITOR.  The  whole  Illustrated  with  9  Engravings  and 
numerous  Woodcuts.  8vo,  12s.  cloth. 

%*  HODGKINSON'S  EXPERIMENTAL  RESEARCHES  ON  THE 
STRENGTH  AND  OTHER  PROPERTIES  OF  CAST  IRON  may  be  had 
separately.  With  Engravings  and  Woodcuts.  8vo,  price  6s.  cloth. 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE  ;  an  Exposition 
of  its  Comparative  Merits,  and  an  Essay  towards  an  Improved 
System  of  Construction,  adapted  especially  to  secure  Safety  and 
Economy.  By  Dr.  ERNST  ALBAN,  Practical  Machine  Maker, 
Plau,  Mecklenberg.  Translated  from  the  German,  with  Notes,  by 
Dr.  POLE,  F.R.S.,  M.  Inst.  C.E.,  &c.  &c.  With  28  fine  Plates, 
8vo,  i6s.  6d.  cloth. 
"A  work  like  this,  which  goes  thoroughly  into  the  examination  of  the  high-pressure 

engine,  the  boiler,  and  its  appendages,  &c.,  is  exceedingly  useful,  and  deserves  a  place 

in  every  scientific  library. " — Steam  Skipping  Chronicle. 


Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS  :  their  Strength,  Con- 
struction, and  Economical  Working.  By  ROBERT  WILSON,  late 
Inspector  for  the  Manchester  Steam  Users'  Association  for  the 
Prevention  of  Steam  Boiler  Explosions,  and  for  the  Attainment  of 
Economy  in  the  Application  of  Steam.  I2ino,  cloth  boards,  328 
pages,  price  6s. 

Tables  of  Curves. 

TABLES  OF  TANGENTIAL  ANGLES  and  MULTIPLES 
for  setting  out  Curves  from  5  to  200  Radius.  By  ALEXANDER 
BEAZELEY,  M.  Inst.  C.E.  Printed  on  48  Cards,  and  sold  in  a 
cloth  box,  waistcoat-pocket  size,  price  3^.  6d. 

"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 
the  hands  free  to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity 
of  work.  They  are  clearly  printed,  and  compactly  fitted  into  a  small  case  for  tht 
pocket — an  arrangement  that  will  recommend  them  to  all  practical  men." — Engineer. 
"  Very  handy  :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 
cards,  which  he  puts  into  his  own  card-case,  and  leaves  the  rest  behind." — Athtnteum. 

Laying  Out  Curves. 

THE  FIELD  PRACTICE  of  LAYING  OUT  CIRCULAR 
CURVES  for  RAILROADS.  By  JOHN  C.  TRAUTWINE,  C.E. 
(Extracted  from  SIMMS'S  Work  on  Levelling).  8vo,  5-r.  sewed. 
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Estimate  and  Price  Book. 

THE  CIVIL  ENGINEER'S  AND  CONTRACTOR'S  ESTI- 
MATE AND  PRICE  BOOK  for  Home  or  Foreign  Service  : 
in  reference  to  Roads,  Railways,  Tramways,  Docks,  Harbours, 
Forts,  Fortifications,  Bridges,  Aqueducts,  Tunnels,  Sewers,  Water- 
works, Gasworks,  Stations,  Barracks,  Warehouses,  &c.  &c.  &c. 
With  Specifications  for  Permanent  Way,  Telegraph  Materials, 
Plant,  Maintenance,  and  Working  of  a  Railway  ;  and  a  Priced  List 
of  Machinery,  Plant,  Tools,  &c.  By  W.  D.  HASKOLL,  C.E. 
Plates  and  Woodcuts.  Published  annually.  8vo,  cloth,  6s. 
"  As  furnishing  a  variety  of  data  on  every  conceivable  want  to  civil  engineers  and 
contractors,  this  book  has  ever  stood  perhaps  unrivalled."—  Architect. 

Surveying  (Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivers, 
Towns'  Water  Supplies,  Docks  and  Harbours  ;  with  Description 
and  Use  of  Surveying  Instruments.  By  W.  DAVIS  HASKOLL,  C.  E., 
Author  of  "The  Engineer's  Field  Book,"  "  Examples  of  Bridge 
and  Viaduct  Construction,"  &c.  Demy  8vo,  price  12s.  6d.  cloth, 
with  14  folding  Plates,  and  numerous  Woodcuts. 
"A  most  useful  and  well  arranged  book  for  the  aid  of  a  student We 

can  strongly  recommend  it  as  a  carefully-written  and  valuable  text-book." — Builder. 
"  Mr.   Haskoll  has  knowledge  and  experience,  and  can  so  give  expression  to  it  as 

to  make  any  matter  on  which  he  writes,  clear  to  the  youngest  pupil  in  a  surveyor's 

office." — Colliery  Guardian. 

"  A  volume  which  cannot  fail  to  prove  of  the  utmost  practical  utility It 

is  one  which  may  be  safely  recommended  to  all  students  who  aspire  to  become  clean 

and  expert  surveyors." — Mining  Journal. 

Engineering  Fieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine 
Surveying  and  Levelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a  Supplementary  Volume  on  WATER- 
WORKS, SEWERS,  SEWAGE,  and  IRRIGATION.  By  W. 
DAVIS  HASKOLL,  C.E.  Numerous  folding  Plates.  Demy  8vo,  2 
vols.  in  one,  cloth  boards,  I/,  is.  (published  at  2/.  4^.) 

Mining  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE GUIDE,  comprising  a  Treatise  on  Improved  Mining 
Surveying,  with  new  Traverse  Tables  ;  and  Descriptions  of  Im- 
proved Instruments  ;  also  an  Exposition  of  the  Correct  Principles 
of  Laying  out  and  Valuing  Home  and  Foreign  Iron  and  Coal 
Mineral  Properties:  to  which  is  appended  M,  THOMAN'S  (of 
the  Credit  Mobilier,  Paris)  TREATISE  on  COMPOUND  IN- 
TEREST and  ANNUITIES,  with  LOGARITHMIC  TABLES. 
By  WILLIAM  LINTERN,  Mining  and  Civil  Engineer.  I2mo, 
strongly  bound  in  cloth  boards,  with  four  Plates  of  Diagrams, 
Plans,  &c  ,  price  IGJ-.  6d.  [Just published. 

"  Contains  much  valuable  information  given  in  a  small  compass,  and  which,  as  far 

as  we  have  tested  it,  is  thoroughly  trustworthy." — Iron  and  Coal  Trades  Review. 
"  The  matter,  arrangement,  and  illustration  of  this  work  are  all  excellent,  and  make 

it  one  of  the  best  of  its  kind." — Standard. 
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Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire- Proof  Buildings,  and  the  Preservation  of 
Life  from  Fire ;  Statistics  of  the  Fire  Appliances  in  English 
Towns  ;  Foreign  Fire  Systems  ;  Hints  on  Fire  Brigades,  £c.,  &c. 
By  CHARLES  F.  T.  YOUNG,  C.E.  With  numerous  Illustrations, 
handsomely  printed,  544  pp.,  demy  8vo,  price  I/.  4^.  cloth. 

"\Vecanmostheartilycommendthisbook It  is  really  the  only  English 

work  we  now  have  upon  the  subject." — Engineering. 

"  We  strongly  recommend  the  book  to  the  notice  of  all  who  are  in  any  way  in- 
terested in  fires,  fire-engines,  or  fire-brigades." — Mechanics'  Magazine, 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c.  By  WILLIAM  MORGANS,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines.  Volume  of  Text. 
I2mo.  With  an  Atlas  of  Plates,  containing  235  Illustrations.  4to. 
Together,  price  9-r.  cloth  boards.  [Recently  published. 


"  Students  in  the  Science  of  Mining,  and  not  only  they,  but  subordinate  officials  in 

tines,  and  even  Overmen,   Captains,  Managers,   and  Viewers  may  gain  practical 

knowledge  and  useful   hints    by   the  study  of  Mr.  Morgans's  Manual." —  Colliery 


Guardian. 

"  A  very  valuable  work,  which  will  tend  materially  to  improve  our  mining  litera- 
ture."— Mining  Journal. 

Gas  and  Gasworks. 

A  TREATISE  on  GASWORKS  and  the  PRACTICE  of 
MANUFACTURING  and  DISTRIBUTING  C9AL  GAS. 
By  SAMUEL  HUGHES,  C.E.  Third  Edition,  revised  by  W. 
RICHARDS,  C.E.  With  68  Woodcuts,  bound  in  cloth  boards, 
I2mo,  price  4^. 

Waterworks  for  Cities  and  Towns. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 

with    a   Description   of   the    Principal   Geological    Formations  of 

England  as  influencing  Supplies  of  Water.     By  SAMUEL  HUGHES, 

F.G.S.,  Civil  Engineer.     New  and  enlarged  edition,  I2mo,   cloth 

boards,  with  numerous  Illustrations,  price  5-r.  \jtist  published. 

"  One  of  the  most  convenient,  and  at  the  same  time  reliable  works  on  a  subject, 

the  vital  importance  of  which  cannot  be  over-estimated." — Bradford  Observer. 

Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING :  a  Rudimentary  Treatise  on.  By 
WARINGTON  W.  SMYTH,  M.A.,  F.R.S.,  &c.,  Chief  Inspector 
of  the  Mines  of  the  Crown  and  of  the  Duchy  of  Cornwall.  New 
edition,  revised  and  corrected.  I2mo.,  cloth  boards,  with  nume- 
rous Illustrations,  price  4$.  6d. 

"  Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 
as  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as 
of  the  two  principal  methods  of  working,  the  book  will  doubtless  interest  a  very 
large  number  of  readers." — Alining  Journal. 

"Certainly  experimental  skill  and  rule-of-thumb  practice  would  be  greatly  en- 
riched by  the  addition  of  the  theoretical  knowledge  and  scientific  information  which 
Mr.  Warington  Smyth  communicates  in  combination  with  the  results  of  his  own  ex- 
perience and  personal  research." — Colliery  Guardian. 


12         WORKS    PUBLISHED   BY   LOGKWOOD   &   CO. 

field-Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S  FIELD-BOOK.  By  W.  DAVIS  HASKOLL,  Civil 
Engineer.  Third  Edition,  much  enlarged,  consisting  of  a  Series 
of  Tables,  with  Rules,  Explanations  of  Systems,  and  Use  of  Theo- 
dolite for  Traverse  Surveying  and  Plotting  the  Work  with  minute 
accuracy  by  means  of  Straight  Edge  and  Set  Square  only ;  Levelling 
with  the  Theodolite,  Casting  out  and  Reducing  Levels  to  Datum, 
and  Plotting  Sections  in  the  ordinary  manner;  Setting  out  Curves 
with  the  Theodolite  by  Tangential  Angles  and  Multiples  with  Right 
and  Left-hand  Readings  of  the  Instrument;  Setting  out  Curves 
without  Theodolite  on  the  System  of  Tangential  Angles  by  Sets  of 
Tangents  and  Offsets ;  and  Earthwork  Tables  to  80  feet  deep,  cal- 
culated for  every  6  inches  in  depth.  With  numerous  wood-cuts, 
I2mo,  price  I2J.  cloth. 

"  A  very  useful  work  for  the  practical  engineer  and  surveyor.  Every  person 
engaged  in  engineering  field  operations  will  estimate  the  importance  of  such  a  work 
r.;id  the  zimount  of  valuable  time  which  will  be  saved  by  reference  to  a  set  of  reliable 
tables  prepared  with  the  accuracy  and  fulness  of  'chose  given  in  this  volume." — Rail- 
way Nevis. 

"The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables 
of  sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 
genuine  traverse  tables  existing  all  the  same." — Athena-am. 

"  The  work  forms  a  handsome  pocket  volume,  and  cannot  fail,  from  its  portability 
and  utility,  to  be  extensively  patronised  by  the  engineering  profession.'' — Mining 
Journal. 

"We  strongly  recommend  this  second  edition  of  Mr.  Haskoll's  '  Field  Book'  to  al 
classes  of  surveyors." — Colliery  Guardian. 

Earthwork,  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.  By  ALEX.  J.  S.  GRAHAM, 
C.E.,  Resident  Engineer,  Forest  of  Dean  Central  Railway.  With 
numerous  Diagrams.  i8mo,  2s.  6d.  cloth. 

"  As  a  really  handy  book  for  reference,  we  know  of  no  work  equal  to  it ;  and  the 
railway  engineers  and  others  employed  in  the  measurement  and  calculation  of  earth- 
work will  find  a  great  amount  of  practical  information  very  admirably  arranged,  and 
available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers'  contractor's  offices." — Artizan. 

Harbours. 

THE  DESIGN  and  CONSTRUCTION  of  HARBOURS.  By 
THOMAS  STEVENSON,  F.R.S.E.,  M.I.C.E.  Reprinted  and  en- 
larged from  the  Article  "  Harbours,"  in  the  Eighth  Edition  of  "  The 
Encyclopaedia  Kritannica."  With  10  Plates  and  numerous  Cuts. 
8vo,  IOJ.  6d.  c'oth. 

Mathematical  and  Drawing  Instruments. 

A  TREATISE  ON  THE  PRINCIPAL  MATHEMATICAL 
AND  DRAWING  INSTRUMENTS  employed  by  the  Engineer, 
Architect,  and  Surveyor.  By  FREDERICK  W.  SIMMS,  M.  Inst. 
C.E.,  Author  of  "  Practical  Tunnelling,"  &c.  Third  Edition,  with 
numerous  Cuts.  I2mo,  price  $s.  6d.  cloth. 
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Bridge  Construction  in  Masonry,  Timber,  &  Iron. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION OF  MASONRY,  TIMBER,  AND  IRON  ;  consisting  of 
46  Plates  from  the  Contract  Drawings  or  Admeasurement  of  select 
Works.  By  W.  DAVIS  HASK.OLL,  C.E.  Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Works, 
illustrated  with  6  pages  of  Diagrams.  Imp.  4to,  price  2/.  izs.  6d. 
half-morocco. 

"  One  of  the  very  few  works  extant  descending  to  the  level  of  ordinary  routine,  and 
treating  on  the  common  cvery-day  practice  ot  the  railway  engineer.  ...  A  work  of 
the  present  nature  by  a  man  of  Mr.  HaskolPs  experience,  must  prove  invaluable  to 
hundreds.  The  tables  of  estimates  appended  to  this  edition  will  considerably  enhance 
its  value." — Engineering. 

Mathematical  Instalments,  their  Construction,  &c. 

MATHEMATICAL  INSTRUMENTS  :  THEIR  CONSTRUC- 
TION, ADJUSTMENT,  TESTING,  AND  USE;  comprising 
Drawing,  Measuring,  Optical,  Surveying,  and  Astronomical  Instru- 
ments. ByJ.  F.  HEATHER,  M.A.,  Author  of  "Practical  Plane 
Geometry,"  "Descriptive  Geometry,"  &c.  Enlarged  Edition,  for 
tiie  most  part  entirely  rewritten.  With  numerous  Wood-cuts. 
I2mo,  cloth  boards,  price  $s.  \Now  ready. 

Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  JOHN  HART.  Third  Edition,  witli 
Plates.  Imperial  8vo,  price  8j.  cloth. 

Oblique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  folding  Plates.  By  GEO.  WATSON 
BUCK,  M.  Inst.  C.E.  Second  Edition,  corrected  by  W.  II. 
BARLOW,  M.  Inst.  C.E.  Imperial  8vo,  I2s.  cloth. 

"Tha  standard  text-book  for  all  engineers  regarding  skew  arches,  is  Mr.  Buck's 
treatise,  and  it  would  be  impossible  to  consult  a  better." — Engineer. 

Weale's  Series  of  Rudimentary    Works. 

These  highly  popular  and  cheap  Series  of  Books,  now  comprising 
nearly  Three  Hundred  distinct  Works  in  almost  every  department  of 
Science,  Art,  and  Education,  are  recommended  to  the  notice  of  En- 
gineers, Architects,  Builders,  Artizans,  and  Students  generally,  as  well 
as  to  those  interested  in  Workmen's  Libraries,  Free  Libraries,  Literary 
and  Scientific  Institutions,  Colleges,  School's,  Science  Classes,  &c.,  &c. 
***  Lists  may  be  had  on  application  to  LOCKWOOD  &  CO. 

Weales   Dictionary  of  Terms  in  Architecture, 
Engineering,  Art,  &c. 

A  DICTIONARY  of  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY, 
ARCHEOLOGY,  the  FINE  ARTS,  &c.  By  JOHN  WEALE. 
Fourth  Edition,  enlarged  and  revised  by  ROBERT  HUNT,  F.R.S., 
Keeper  of  Mining  Records,  Editor  of  "  Ure's  Dictionary  of  Arts," 
&c.  121110,  cloth  boards,  price  6s.  \Jitst publish L\f. 
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ARCHITECTURE,  &c. 

Construction. 

THE   SCIENCE  of  BUILDING  :   an  Elementary  Treatise  on 

the  Principles  of  Construction.     By  E.  WYNDHAM  TARN,  M.A., 

Architect.     Illustrated   with  47   Wood  Engravings.     Demy  8vo, 

price  8j.  6d.  cloth.  [Recently  published. 

"A  very  valuable  book,  which  we  strongly  recommend  to  all  students." — Builder. 

"While  Mr.  Tarn's  valuable  little  volume  is  quite  sufficiently  scientific  to  answer 

the  purposes  intended,  it  is  written  in  a  style  that  will  deservedly  make  it  popular. 

The  diagrams  are  numerous  and  exceedingly  well  executed,  and  the  treatise  does 

credit  alike  to  the  author  and  the  publisher. " — Engineer. 

"  No  architectural  student  should  be  without  this  hand-book  of  constructional 
knowledge." — Architect. 

"The  book  is  very  far  from  being  a  mere  compilation  ;  it  is  an  able  digest  of 
information  which  is  only  to  be  found  scattered  through  various  works,  and  contains 
more  really  original  writing  than  many  putting  forth  far  stronger  claims  to  originality." 
— Engineering. 

Beaton  s  Pocket  Estimator. 

THE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners'  work,  priced  according  to  the  present  value  of  material 
and  labour.  By  A.  C.  BEATON,  Author  of  '  Quantities  and 
Measurements.'  33  Woodcuts.  Leather,  waistcoat-pocket  size.  2J. 

Beat  on  s  Builders'  and  Surveyors'  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS:  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Reference,  Technical  Directions  for  Measuring  Work  in 
all  the  Building  Trades,  with  a  Treatise  on  the  Measurement  of 
Timbers,  and  Complete  Specifications  for  Houses,  Roads,  and 
Drains.  By  A.  C.  BEATON,  Author  of  'Quantities  and  Measure- 
ments.' With  19  Woodcuts.  Leather.  Waistcoat  pocket  size.  2s. 

[Now  ready. 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE  ;  being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Detailed  Specifications  and  Estimates.  By  C.  WICKES,  Architect, 
Author  of  "  The  Spires  and  Towers  of  the  Mediaeval  Churches  of 
England,"  &c.  First  Series,  consisting  of  30  Plates  ;  Second 
Series,  31  Plates.  Complete  in  i  vol.,  4to,  price  2.1.  IQJ.  half 
morocco.  Either  Series  separate,  price  I/,  js.  each,  half  morocco. 
"  The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic 

architect,  and  they  will  prove  very  valuable  and  suggestive  to  architects,  students,  and 

amateurs." — Building  News. 

The  Architect's  Guide. 

THE  ARCHITECT'S  GUIDE  ;  or,  Office  and  Pocket  Com- 
panion for  Engineers,  Architects,  Land  and  Building  Surveyors, 
Contractors,  Builders,  Clerks  of  Works,  &c.  By  W.  DAVIS 
HASKOLL,  C.E.,  R.  W.  BILLINGS,  Architect,  F.  ROGERS,  and 
P.  THOMPSON.  With  numerous  Experiments  by  G.  RENNIE, 
C.E.,  &c.  Woodcuts,  I2mo,  cloth,  price  3^.  6d. 
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Vitruviuf  Architecture. 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  Translated  by  JOSEPH  GWILT,  F.S.A.,  F.R.A.S. 
Numerous  Plates.  121110,  cloth  limp,  price  $s. 

The  Young  Architect's  Book. 

HINTS  TO  YOUNG  ARCHITECTS.  By  GEORGE  WIGHT- 
WICK,  Architect,  Author  of  "  The  Palace  of  Architecture,"  &c.  &c. 
Second  Edition.  With  numerous  Woodcuts.  8vo,  Js.,  extra  cloth. 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG   STUDENT  in  ARCHITECTURE. 
By  GEORGE  PYNE,  Author  of  a  "  Rudimentary  Treatise  on  Per- 
spective for  Beginners."     With  14  Plates,  4to,  Js.  6d.,  boards. 
CONTENTS. — I.  Practical  Rules  on  Drawing  —  Outlines.     II.  Ditto — the  Grecian 
and  Roman  Orders.     III.  Practical  Rules  on  Drawing — Perspective.    IV.  Practical 
Rules  on  Light  and  Shade.     V.  Practical  Rules  on  Colour,  &c.  &c. 

Drawing  for  Engineers,  &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  JOHN  MAXTON,  Instructor  in  Engineering 
Drawing,  South  Kensington.  Second  Edition,  carefully  revised. 
With  upwards  of  300  Plates  and  Diagrams.  I2mo,  cloth, 
strongly  bound,  4-r.  6d.  {Now  ready. 

"  Even  accomplished  draughtsmen  will  find  in  it  much  that  will  be  of  use  to  them. 
A  copy  of  it  should  be  kept  for  reference  in  every  drawing  office." — Engineering. 

"An  indispensable  book  for  teachers  of  engineering  drawing."  —  Mechanics1 
Magazine. 

Cottages,  Villas,  and  Coimtry  Houses. 

DESIGNS  and  EXAMPLES  of  COTTAGES,  VILLAS,  and 
COUNTRY  HOUSES;  being  the  Studies  of  several  eminent 
Architects  and  Builders  ;  consisting  of  Plans,  Elevations,  and  Per- 
spective Views ;  with  approximate  Estimates  of  the  Cost  of  each. 
In  4to,  with  67  plates,  price  I/,  is.,  cloth. 

Builder  s  Price  Book. 

THE  BUILDER'S  AND  CONTRACTOR'S  PRICE  BOOK. 

(Lockwood  &  Co.'s)  with  which  is  incorporated  Atchley's  Builder's 
Price-Book  and  the  Illustrated  Price-Book  for  1874,  containing  the 
present  prices  of  all  kinds  of  Builders'  Materials  and  Labour,  and 
of  all  Trades  connected  with  Building,  with  Memoranda  and 
Tables  required  in  making  Estimates  and  taking  out  quantities,  and 
Lists  of  the  Members  of  the  Metropolitan  Board  of  Works,  of 
Districts,  District  Officers,  and  District  Surveyors,  and  the  Metro- 
politan Bye-laws,  with  Five  Plates,  containing  Plans,  Elevations, 
and  Views  of  Mansions,  Villas  and  Cottages,  and  a  Specification. 
Crown  8vo,  strongly  bound,  price  4_r. 
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Handbook  of  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS  ;  or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
up  Specifications  and  Contracts  for  Works  and  Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  by  eminent 
Architects  and  Engineers.  Preceded  by  a  Preliminary  Essay,  and 
Skeletons  of  Specifications  and  Contracts,  &c.,  &c.,  and  explained 
by  numerous  Lithograph  Plates  and  Woodcuts.  By  Professor 
THOMAS  L.  DONALDSON,  President  of  the  Royal  Institute  of  British 
Architects,  Professor  of  Architecture  and  Construction,  University 
College,  London,  M.I.B.A.,  Member  of  the  various  European 
Academies  of  the  Fine  Arts.  With  A  REVIEW  OF  THE  LAW  OF 
CONTRACTS,  and  of  the  Responsibilities  of  Architects,  Engineers, 
and  Builders.  By  W.  CUNNINGHAM  GLEN,  Barrister-at-Law,  of 
the  Middle  Temple.  2  vols.,  8vo,  with  upwards  of  uoopp.  of 
text,  and  33  Lithographic  Plates,  cloth,  2.1.  2s.  (Published  at  4/.) 

"  In  these  two  volumes  of  i,  100  pages  (together),  forty-four  specifications  of  executed 
works  are  given,  including  the  specifications  for  parts  of  the  new  Houses  of  Parliament, 
by  Sir  Charles  Barry,  and  for  the  new  Royal  Exchange  by  Mr.  Tite,  M.P.  The 
latter,  in  particular,  is  a  very  complete  and  remarkable  document.  It  embodies,  to  a 
great  extent,  as  Mr.  Donaldson  mentions,  '  the  bill  of  quantities,  with  the  description 
of  the  works,'  and  occupies  more  than  100  printed  pages. 

"Amongst  the  other  known  buildings,  the  specifications  of  which  are  given,  are 
the  Wiltshire  Lunatic  Asylum  (Wyatt  and  Brandon)  ;  Tothill  Fields  Prison  (R.  Abra- 
ham) ;  the  City  Prison,  Holloway  (Bunning)  ;  the  High  School,  Edinburgh  (Hamilton) ; 
Clothworkers'  Hall,  London  (Angel)  ;  Wellington  College,  Sandhurst  (J.  Shaw)  ; 
Houses  in  Grosvenor  Square,  and  elsewhere ;  St.  George's  Church,  Doncaster 
(Scott)  ;  several  works  of  smaller  size  by  the  Author,  including  Messrs.  Shaw's  Ware- 
house in  Fetter  Lane,  a  very  successful  elevation  ;  the  Newcastle-upon-Tyne  Railway 
Station  (J.  Dobson)  ;  new  Westminster  Bridge  (Page)  ;  the  High  Level  Bridge,  New- 
castle (R.  Stephenson)  ;  various  works  on  the  Great  Northern  Railway  (Brydone)  ; 
and  one  French  spe^  ification  for  Houses  in  the  Rue  de  Rivoli,  Paris  (MM.  Armand, 
Hittorrf,  Pellechet,  and  Rohault  de  Fleury,  architects).  The  last  is  a  very  elaborate 
composition,  occupying  seventy  pages.  The  majority  of  the  specifications  have  illus- 
trations in  the  shape  of  elevations  and  plans. 

"  We  are  most  glad  to  have  the  present  work.  It  is  valuable  as  a  record,  and  more 
valuable  still  as  a  book  of  precedents. 

"  About  140  pages  of  the  second  volume  are  appropriated  to  an  exposition  of  the 
law  in  relation  to  the  legal  liabilities  of  engineers,  architects,  contractors,  and  builders, 
by  Mr.  W.  Cunningham  Glen,  Barrister-at-law  ;  intended  rather  for  those  persons 
than  for  the  legal  practitioner.  Suffice  it,  in  conclusion,  to  say  in  words  what  our 
readers  will  have  gathered  for  themselves  from  the  particulars  we  have  given,  that 
Donaldson's  Handbook  of  Specifications  must  be  bought  by  all  architects." — Builder. 

Specifications  for  Practical  Architecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE  : 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder ;  with 
an  Essay  on  the  Structure  and  Science  of  Modern  Buildings.  By 
FREDERICK  ROGERS,  Architect.  With  numerous  Illustrations. 
Demy  Svo,  price  15^.,  cloth. 

*»*  A  volume  of  specifications  of  a  practical  character  being  greatly  required,  and  the 
old  standard  work  of  Alfred  Bartholomew  being  out  of  print,  the  author,  on  the  basis 
of  that  woik,  has  produced  the  above.  Some  of  the  specifications  hi  has  so  altered 
as  to  bring  in  the  now  universal  use  of  concrete,  the  improvements  in  drainage,  the 
use  of  iron,  glass,  asphalte,  and  other  material.  He  has  also  inserted  specifications 
of  works  that  have  been  erected  in  his  own  practice. 
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Granthams  Iron  Ship-Building^  enlarged. 

ON  IRON  SHIP-BUILDING;  with  Practical  Examples  and 
Detailst  Fifth  Edition.  Imp.  410,  boards,  enlarged  from  24  to  40 
Plates  (21  quite  new),  including  the  latest  Examples.  Together 
with  separate  Text,  I2mo,  cloth  limp,  also  considerably  enlarged, 
By  JOHN  GRANTHAM,  M.  Inst.  C.E.,  &c.  Price  2/.  2s.  complete. 

Description  of  Plates. 


1.  Hollow   and    Bar   Keels,  Stem    and 

Stern  Posts.  [Pieces. 

2.  Side   Frames,    Floorings,  and    Bilge 

3.  Floorings  continued — Keelsons, Deck 

Beams,  Gunwales,  and  Stringers. 

4.  Gunwales  continued — Lower  Decks, 

and  Orlop  Beams. 
4«.  Gunwales  and  Deck  Beam  Iron. 

5.  Angle-Iron,    T    Iron,    Z  Iron,  Bulb 

Iron,  as  Rolled  for  Building. 

6.  Rivets,  shown  in  section,  natural  size ; 

Flush    and     Lapped    Joints,    with 
Single  and  Double  Riveting. 

7.  Plating,  three  plans  ;  Bulkheads  and 

Modes  of  Securing  them. 

8.  Iron  Masts,    with  Longitudinal  and 

Transverse  Sections. 

9.  Sliding  Keel,  Water  Ballast. Moulding 

the  Frames  in  Iron  Ship  Building, 
Levelling  Plates. 

10.  Longitudinal     Section,     and    Half- 

breadth  Deck  Plan  of  Large  Vessels 
on  a  reduced  Scale. 

11.  Midship  Sections  of  Three  Vessels. 

12.  Large  Vessel,  showing  Details — Fore 

End  in   Section,    and    End   View, 
with  Stern  Post,  Crutches,  &c. 

13.  Large  Vessel, showing  Details — After 

End  in  Section,    with   End  View, 
Stern  Frame  for  Screw,  and  Rudder. 

14.  Large  Ve&sel,  showing  Details—  Mid- 

ship Section,  half  breadth. 

15.  Machines  for  Punching  and  Shearing 

Plates    and    Angle-Iron,    and    for 
Bending  Plates  ;  Rivet  Hearth. 
150.  Beam-Bending    Machine,     Indepen- 
dent Shearing,  Punching  and  Angle- 
Iron  Machine. 


15^.  Double  Lever  Punching  and  Shearing 
Machine,  arranged  for  cutting 
Angle  and  T  Iron,  with  Dividing 
Table  and  Engine. 

16.  Mackines. — Garforth's  Riveting  Ma- 

chine, Drilling  and  Counter-Sinking 
Machine. 
i6a.  Plate  Planing  Machine. 

17.  Air  Furnace  for  Heating  Plates  and 

Angle- Iron  :  Various  Tools  used  in 
Riveting  and  Plating. 

18.  Gunwale  ;  Keel  and  Flooring  ;  Plan 

for  Sheathing  with  Copper. 
i8rt.  Grantham's  Improved  Plan  of  Sheath- 
ing Iron  Ships  with  Copper. 

19.  Illustrations  of  the  Magnetic  Condi- 

tion of  various  Iron  Ships. 

20.  Gray's   Floating    Compass  and    Bin- 

nacle, with  Adjusting  Magnets,  &c. 

21.  Corroded    Iron    Bolt    in    Frame    of 

Wooden  Ship  ;  Jointing  Plates. 

22-4.  Great  Eastern — Longitudinal  Sec- 
tions and  Half-breadth  Plans — Mid- 
ship Section,  with  Details — Section 
in  Engine  Room,  and  Paddle  Boxes. 

25-6.  Paddle  Steam  Vessel  of  Steel. 

27.    Scarbrough— Paddle  Vessel  of  Steel. 

28-9.   Proposed  Passenger  Steamer. 

30.  Persian — Iron  Screw  Steamer. 

31.  Midship    Section    of    H.M.     Steam 

Frigate,  Warrior. 

32.  Midship    Section    of    H.M.     Steam 

Frigate,  Hercules. 

33.  Stem,    Stern,    and  Rudder  of  H.M. 

Steam  Frigate,  Bellerophon. 

34.  Midship  Section  of  H.  M.  Troop  Ship, 

Serapis. 

35.  Iron  Floating  Dock. 


"An  enlarged  edition  of  an  elaborately  illustrated  work." — Builder. 

"  This  edition  of  Mr.  Grantham's  work  has  been  enlarged  and  improved,  both  with 
respect  to  the  text  and  the  engravings  being  brought  down  to  the  present  period  .  .  , 
The  practical  operations  required  in  producing  a  shipare  described  and  illustrated  with 
care  and  precision." — Mechanics'  Magazine. 

"  A  thoroughly  practical  work,  and  every  question  of  the  many  in  relation  to  iron 
shipping  which  admit  of  diversity  of  opinion,  or  have  various  and  conflicting  personal 
interests  attached  to  them,  is  treated  with  sober  and  impartial  wisdom  and  good  sense. 
.  .  .  .  As  good  a  volume  for  the  instruction  of  the  pupil  or  student  of  iron  naval 
architecture  as  can  be  found  in  any  language." — Practical  Mechanics'  Journal. 

"A  very  elaborate  work.  ...  It  forms  a  most  valuable  addition  to  the  history 
of  iron  shipbuilding,  while  its  having  been  prepared  by  one  who  has  made  the  subject 
his  study  for  many  years,  and  whose  qualifications  have  been  repeatedly  recognised, 
will  recommend  it  as  one  of  practical  utility  to  all  interested  in  shipbuilding." — Army 
and  Navy  Gazette. 
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CARPENTRY,  TIMBER,  &c. 

4 

Tredgold's  Carpentry,  new,  enlarged,  and  cheaper 
Edition. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY  : 
a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches, 
Bridges,  Roofs,  Uniting  Iron  and  Stone  with  Timber,  &c.  To  which 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c., 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Building  ;  also 
numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes, 
the  Specific  Gravities  of  Materials,  &c.  By  THOMAS  TREDGOLD, 
C.E.  Edited  by  PETER  BARLOW,  F.R.S.  Fifth  Edition,  cor- 
rected and  enlarged.  With  64  Plates  (n  of  which  now  first  appear 
in  this  edition),  Portrait  of  the  Author,  and  several  Woodcuts.  In 
I  vol.,  4to,  published  at  2/.  2s.,  reduced  to  I/.  5^.,  cloth. 
"'Tredgold's  Carpentry*  ought  to  be  in  every  architect's  and  every  builder's 
library,  and  those  who  do  not  already  possess  it  ought  to  avail  themselves  of  the  new 
issue. " — Builder. 

"A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  car- 
pentry is  concerned.  The  Author's  principles  are  rather  confirmed  than  impaired  by 
time,  and,  as  now  presented,  combine  the  surest  base  with  the  most  interesting  display 
of  progressive  science.  The  additional  plates  are  of  great  intrinsic  value." — Building 
News. 

"'Tredgold's  Carpentry'  has  ever  held  a  high  position,  and  the  issue  of  the  fifth 
edition,  in  a  still  more  improved  and  enlarged  form,  will  give  satisfaction  to  a  very 
large  number  of  artisans  who  desire  to  raise  themselves  in  their  business,  and  who 
seek  to  do  so  by  displaying  a  greater  amount  of  knowledge  and  intelligence  than  their 
fellow-workmen.  It  is  as  complete  a  work  as  need  be  desired.  To  the  superior 
workman  the  volume  will  prove  invaluable  ;  it  contains  treatises  written  in  language 
which  he  will  readily  comprehend. " — Mining  Journal. 

Grandys   Timber  Tables. 

THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S, 
and  BUILDER'S  STANDARD  GUIDE.  By  RICHARD  E. 
GRANDY.  Comprising  : — An  Analysis  of  Deal  Standards,  Home 
and  Foreign,  with  comparative  Values  and  Tabular  Arrangements 
for  Fixing  Nett  Landed  Cost  on  Baltic  and  North  American  Deals, 
including  all  intermediate  Expenses,  Freight,  Insurance,  Duty,  &c., 
&c.  ;  together  with  Copious  Information  for  the  Retailer  and 
Builder.  I2mo,  price  Js.  6d.  cloth. 

"Everything  it  pretends  to  be  :  built  up  gradually,  it  leads  one  from  a  forest  to  a 
treenail,  and  throws  in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns, 
cisterns,  &c. — all  that  the  class  to  whom  it  appeals  requires.'' — English  Mechanic. 

"  The  only  difficulty  we  have  is  as  to  what  is  NOT  in  its  pages.  What  we  have  tested 
of  the  con  tents,  taken  at  random,  is  invariably  correct." — Illustrated  Builder's  Journal, 


Tables  for  Packing-Case  Makers. 


PACKING-CASE  TABLES  ;  showing  the  number  of  Superficial 
Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and 
upwards.  Compiled  by  WILLIAM  RICHARDSON,  Accountant. 
Oblong  4to,  cloth,  price  %s.  6d. 

"Will  save  much  labour  and  calculation  to  packing-case  makers  and  those  who  use 
packing-cases." — Grocer.  "  Invaluable  labour-saving  tables." — Ironmonger. 
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Nicholsons  Carpenter s  Guide. 

THE  CARPENTER'S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS  :  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  PETER  NICHOLSON'S  standard  work.  A  new  Edition,  revised 
by  ARTHUR  ASHPITEL,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  GEORGE  PYNE.  With  74  Plates,  4to,  \L  is.  cloth. 

Dowsing' s  Timber  Merchant's  Companion. 

THE  TIMBER  MERCHANT'S  AND  BUILDER'S  COM- 
PANION  ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  and  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred  ;  the  Price  per  Cube  Foot  of  Square  Timber  to  any  given 
Price  per  Loau  of  50  Feet ;  the  proportionate  Value  of  Deals  and 
Battens  by  the  Standard,  to  Square  Timber  by  the  Load  of  50  Feet ; 
the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per  Lineal 
Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot.  Also  a 
variety  of  other  valuable  information.  By  WILLIAM  DOWSING, 
Timber  Merchant.  Second  Edition.  Crown  8vo,  3-r.  cloth. 
"  Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no 
doubt  that  every  timber  merchant  and  builder  ought  to  possess  it." — Hull  Advertiser, 

Timber  Freight  Book. 

THE  TIMBER  IMPORTERS'  AND  SHIPOWNERS' 
FREIGHT  BOOK  :  Being  a  Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 
Builders,  and  all  Dealers  in  Wood  whatsoever.  By  WILLIAM 
RICHARDSON,  Timber  Broker,  author  of  "  Packing  Case  Tables," 
&c.  Crown  8vo,  cloth,  price  6s. 

MECHANICS,  &c. 

* 

Mechanic  s  Workshop  Companion. 

THE  OPERATIVE  MECHANIC'S  WORKSHOP  COM- 
PANION,  and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL ASSISTANT  ;  comprising  a  great  variety  of  the  most 
useful  Rules  in  Mechanical  Science ;  with  numerous  Tables  of  Prac- 
tical Data  and  Calculated  Results.  By  W.  TEMPLETON,  Author 
of  "The  Engineer's,  Millwright's,  and  Machinist's  Practical  As- 
sistant." Eleventh  Edition,  with  Mechanical  Tables  for  Operative 
Smiths,  Millwrights,  Engineers,  &c. ;  together  with  several  Useful 
and  Practical  Rules  in  Hydraulics  and  Hydrodynamics,  a  variety 
of  Experimental  Results,  and  an  Extensive  Table  of  Powers  and 
Roots.  II  Plates.  I2mo,  $s.  bound.  [Recently  published. 

"  As  a  text-book  of  reference,  in  which  mechanical  and  commercial  demands  are 
judiciously  met,  TEMPLETON'S  COMPANION  stands  unrivalled." — Mechanics' Magazine. 
"  Admirably  adapted  to  the  wants  of  a  very  large  class.     It  has  met  with  great 
surcess  in  the  engineering  workshop,  as  we  can  testify  ;  and  there  are  a  great  many 
men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  work. " — Building  News. 
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Engineer  s  Assistant. 


THE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTICAL  ASSISTANT  ;  comprising  a  Collection  of  Useful 
Tables,  Rules,  and  Data.     Compiled  and  Arranged,  with  Original 
Matter,  by  W.  TEMPLETON.     5th  Edition.     i8mo,  2s.6d.  cloth. 
"  So  much  varied  information  compressed  into  so  small  a  space,  and  published  at  a 
price  which  places  it  within  the  reach  of  the  humblest  mechanic,  cannot  fail  to  com- 
mand the  sale  which  it  deserves.     With  the  utmost  confidence  we  commend  this  book 
to  the  attention  of  our  readers." — Mechanics'  Magazine. 

"  Every  mechanic  should  become  the  possessor  of  the  volume,  and  a  more  suitable 
present  to  an  apprentice  to  any  of  the  mechanical  trades  could  not  possibly  be  made." 
'—Building  News. 

Designing,  Measiwing,  and  Valuing. 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  MEA- 
SURING, and  VALUING  ARTIFICERS'  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  bringing 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Fainter  and  Glazier,  Paperhanger,  &c.  With  43  Plates  and  Wood- 
cuts. Originally  edited  by  EDWARD  DOBSON,  Architect.  New 
Edition,  re- written,  with  Additions  on  Mensuration  and  Construc- 
tion, and  several  useful  Tables  for  facilitating  Calculations  and 
Measurements.  By  E.  WYNDHAM  TARN,  M.A.,  Architect.  8vo, 
los.  6d.  cloth.  [Recently  publisfaa. 

"  This  useful  book  should  be  in  every  architect's  and  builder's  office.  It  contains 
a  vast  amount  of  information  absolutely  necessary  to  be  known." — The  Irish  Builder. 

"  The  book  is  well  worthy  the  attention  of  the  student  in  architecture  and  surveying, 
as  by  the  careful  study  of  it  his  progress  in  his  profession  will  be  much  facilitated."— 
Mining  Journal. 

"  We  have  failed  to  discover  anything  connected  with  the  building  trade,  from  ex- 
cavating foundations  to  bell-hanging,  that  is  not  fully  treated  upon  in  this  valuable 
work. "—  The  A  rtizan. 

"  Mr.  Tarn  has  well  performed  the  task  imposed  upon  him,  and  has  made  many 
further  and  valuable  additions,  embodying  a  large  amount  of  information  relating  to 
the  technicalities  and  modes  of  constru*  tion  employed  in  the  several  branches  of  the 

building  trade From  the  extent  of  the  information  which  the  volume 

embodies,  and  the  care  taken  to  secure  accuracy  in  every  detail,  it  cannot  fail  to  prove 
of  the  highest  value  to  students,  whether  training  in  the  offices  of  provincial  surveyors, 
or  in  those  of  London  practitioners." — Colliery  Guardian. 

"  Altogether  the  book  is  one  which  well  fulfils  the  promise  of  its  title-page,  and  we 
can  thoroughly  recommend  it  to  the  class  for  whose  use  it  has  been  compiled.  Mr. 
Tarn's  additions  and  revisions  have  much  increased  the  usefulness  of  the  work,  and 
have  especially  augmemed  its  value  to  students.  Finally,  it  is  only  just  to  the  pub- 
lishers to  add  that  the  book  has  been  got  up  .n  excellent  style,  the  typography  being 
bold  and  clear,  and  the  plates  very  well  executed." — Engineering. 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT. Tables  calculated  from  I  to  200  inches  in  length, 
by  I  to  108  inches  in  breadth.  For  the  use  of  Architects,  Surveyors, 
Engineers,  Timber  Merchants,  Builders,  &c.  By  JAMES  HAW- 
KINGS.  Fcp.  3-r.  6d.  cloth. 
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MATHEMATICS,   &c. 

Gregory  s  Practical  Mathematics. 

MATHEMATICS  for  PRACTICAL  MEN  ;  being  a  Common- 
place  Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly 
for  the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  Part  I. 
PURE  MATHEMATICS— comprising  Arithmetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curves. 
Part  II.  MIXED  MATHEMATICS— comprising  Mechanics  in  general, 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pneumatics, 
Mechanical  Agents,  Strength  of  Materials.  With  an  Appendix  of 
copious  Logarithmic  and  other  Tables.  By  OLINTHUS  GREGORY, 
LL.D.,  F.R.A.S.  Enlarged  by  HENRY  LAW,  C.E.  4th  Edition, 
carefully  revised  and  corrected  by  J.  R.  YOUNG,  formerly  Profes- 
sor of  Mathematics,  Belfast  College;  Author  of  "A  Course  of 
Mathematics,"  &c.  With  13  Plates.  Medium  8vo,  I/,  u.  cloth. 

"As  a  standard  work  on  mathematics  it  has  not  been  excelled." — Artizan. 

"  The  engineer  or  architect  will  here  find  ready  to  his  hand,  rules  for  solving  nearly 
every  mathematical  difficulty  that  may  arise  in  his  practice.  As  a  moderate  acquaint- 
ance with  arithmetic,  algebra,  and  elementary  geometry  is  absolutely  necessary  to  the 
proper  understanding  of  the  most  useful  portions  of  this  book,  the  author  very  wisely 


has  devoted  the  first  three  chapters  to  those  subjects,  so  that  the  most  ignorant  may  be 
le  of  the  book,  without  aid  from  any  other.     The  rules  are  in 


enabled  to  master  the  whoU 


all  cases  explained  by  means  of  examples,  in  which  every  step  of  the  process  is  clearly 
worked  out. " — Builder. 

"  One  of  the  most  serviceable  books  to  the  practical  mechanics  of  the  country.  . 
The  edition  of  1847  was  fortunately  entrusted  to  the  able  hands  of  Mr.  Law,  who 
revised  it  thoroughly,  re-wrote  many  chapters,  and  added  several  sections  to  those 
which  had  been  rendered  imperfect  by  advanced  knowledge.  On  examining  the  various 
and  many  improvements  which  he  introduced  into  the  work,  they  seem  almost  like  a 
new  structure  on  an  old  plan,  or  rather  like  the  restoration  of  an  old  ruin,  not  only  to 
its  former  substance,  but  to  an  extent  which  meets  the  larger  requirements  of  modern 

times In  the  edition  just  brought  out,  the  work  has  again  be  :n  revised  by 

Professor  Young.  He  has  modernised  the  notation  throughout,  introduced  a  few 
paragraphs  here  and  there,  and  corrected  the  n  imerous  typographical  errors  which 
have  escaped  the  eyes  of  the  former  Editor.  The  book  is  now  as  complete  as  it  is 

possible  to  make  it We  have  carried  our  notice  of  this  book  to  a  greater 

length  than  the  space  allowed  us  justified,  but  the  experiments  it  contains  are  so 
interesting,  and  the  method  of  describing  them  so  clear,  that  we  may  be  excused  for 
overstepping  our  limit.  It  is  an  instructive  bnok  for  the  student,  and  a  Text- 
book for  him  who  having  once  mastered  the  subjects  it  treats  of,  needs  occasionally  to 
refresh  his  memory  upon  them. " — Building  News. 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British 
Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric  System  at  present  in  use  on  the  Continent.  By  C.  H. 
DOWLING,  C.  E.  Second  Edition,  revised  and  enlarged.  8vo, 
icxr.  6d.  strongly  bound. 

"  Mr.  Bowling's  Tables,  which  are  well  put  together,  come  just  in  time  as  a  ready 
reckoner  for  the  conversion  of  one  system  into  the  other." — Athoiefum. 

"Their  accuracy  has  been  certified  by  Professor  Airy,  the  Astronomer- Royal." — 
Builder. 

"  Resolution  8. — That  advantage  will  be  derived  from  the  recent  publication  of 
Metric  Tables,  by  C.  H.  Dowling,  C.E." — Report  of  Section  F,  British  Association, 
Batk. 
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Inwood's  Tables,  greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 
Copyhold,  or  Leasehold ;  Annuities,  Advo wsons,  &c. ,  and  for  the 
Renewing  of  Leases  held  under  Cathedral  Churches,  Colleges,  or 
other  corporate  bodies;  for  Terms  of  Years  certain,  and  for  Lives  ; 
also  for  Valuing  Reversionary  Estates,  Deferred  Annuities,  Next 
Presentations,  &c.,  together  with  Smart's  Five  Tables  of  Compound 
Interest,  and  an  Extension  of  the  same  to  Lower  and  Intermediate 
Rates.  By  WILLIAM  INWOOD,  Architect.  The  i8th  edition,  with 
considerable  additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  Difficult  Computations  of  the  Interest  of  Money,  Dis- 
count, Annuities,  &c.,  by  M.  FEDOR  THOMAN,  of  the  Socicte 
Credit  Mobilier  of  Paris.  I2mo,  8s.  cloth. 

%*  This  edition  (the  i8///)  differs  in  many  important  particulars 
from  former  ones.  The  changes  consist,  first,  in  a  more  convenient 
and  systematic  arrangement  of  the  original  Tables,  and  in  the  removal 
of  certain  numerical  errors  which  a  very  careficl  revision  of  the  whole 
has  enabled  the  present  editor  to  discover;  and  secondly,  in  the 
extension  of  practical  utility  conferred  on  the  work  by  the  introduction 
of  Tables  now  inserted  for  the  first  time.  This  new  and  important 
matter  is  all  so  much  actually  added  to  INWOOD'S  TABLES  ;  nothing 
has  been  abstracted  from  the  original  collection :  so  that  those  who  have 
been  long  in  the  habit  of  consulting  INWOOD  for  any  special  profes- 
sional purpose  will,  as  heretofore,  find  the  information  sought  still  in 
tts  pages, 

"  Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of 
compensation  cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  will 
find  the  present  edition  of  eminent  service." — Engineering. 

Geometry  for  the  Architect,  Engineer,  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic ;  giving  Rules  for  the  Delineation  and  Application  of 
various  Geometrical  Lines,  Figures  and  Curves.  By  E.  W.  TARN, 
M.A.,  Architect,  Author  of  "The  Science  of  Building,"  &c. 
With  164  Illustrations.  Demy  8vo.  12s.  6d. 

"  No  book  with  the  same  objects  in  view  has  ever  been  published  in  which  the 
clearness  of  the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satis- 
factory. " — Scotsman. 

Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES  ; 
with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Applications  and 
Uses  for  Mercantile  and  State  Purposes.  With  an  elaborate  Intro- 
duction. By  FEDOR  THOMAN,  of  the  Societe  Credit  Mobilier, 
Paris.  I2mo,  cloth,  5,?. 

"  A  very  powerful  work,  and  the  Author  has  a  very  remarkable  command  of  his 
subject." — Professor  A.  de  Morgan. 

"  We  recommend  it  to  the  notice  of  actuaries  and  accountants." — Atheneeum. 
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SCIENCE  AND  ART. 


The  Military  Sciences. 

AIDE-MEMOIRE  to  the  MILITARY  SCIENCES.    Framed 

from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corps  of 
Royal  Engineers.  Second  Edition,  most  carefully  revised  by  an 
Officer  of  the  Corps,  with  many  additions  ;  containing  nearly  350 
Engravings  and  many  hundred  Woodcuts.  3  vols.  royal  8vo,  extra 
cloth  boards,  and  lettered,  price  4/.  los. 

"A  compendious  encyclopaedia  of  military  knowledge,  to  which  we  are  greatly  in- 
debted, " — Edinburgh  Review. 

"  The  most  comprehensive  work  of  reference  to  the  military  and  collateral  sciences. 
Among  the  list  of  contributors,  some  seventy-seven  in  number,  will  be  found  names  of 
the  highest  distinction  in  the  services." — Volunteer  Service  Gazette. 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY,  MINING,  and  RECON- 
NOITRING. By  Colonel  I.  S.  MACAULAY,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
8vo,  cloth,  with  separate  Atlas  of  12  Plates,  price  I2J.  complete. 

Naval  Science.     Edited  by  E.  J .  Reed,  C.B. 

NAVAL  SCIENCE  :  a  Quarterly  Magazine  for  Promoting  the 
Improvement  of  Naval  Architecture,  Marine  Engineering,  Steam 
Navigation,  and  Seamanship.  Edited  by  E.  J.  REED,  C.B.,  late 
Chief  Constructor  of  the  Navy.  Copiously  illustrated.  Price  2s.  6d. 
No.  7,  October,  1873,  now  ready.  (Vol.  I.,  containing  Nos.  I  to  3, 
may  also  be  had,  cloth  boards,  price  los.  6J.) 

%.*   The  Contributors  include  the  most  Eminent  Authorities  in  the  several 
branches  of  the  above  subjects. 

Dye-  Wares  and  Colours. 

THE  MANUAL  of  COLOURS  and  DYE-WARES:  their 
Properties,  Applications,  Valuation,  Impurities,  £.nd  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Dry  Salters,  Brokers,  &c.  By  J. 
W.  SLATER.  Post  8vo,  cloth,  price  7.?.  6d. 

"  A  complete  encyclopaedia  of  the  materia  tinctoria,.  The  information  given 
respecting  each  article  is  full  and  precise,  and  the  methods  of  determining  the  value 
of  articles  such  as  these,  so  liable  to  sophistication,  are  given  with  clearness,  and  are 
practical  as  well  as  valuable." — Chemist  and  Dt'iiggist. 

Electricity. 

A  MANUAL  of  ELECTRICITY;  including  Galvanism,   Mag- 
netism, Diamagnetism,  Electro-Dynamics,   Magno- Electricity,  and 
the  Electric  Telegraph.     By  HENRY  M.  NOAD,  Ph.D.,  F.C.S., 
Lecturer  on  Chemistry  at  St.  George's  Hospital.     Fourth  Edition, 
entirely  rewritten.    Illustrated  by  500  Woodcuts.    8vo,  I/.  4*.  cloth. 
"  The  commendations  already  bestowed  in  the  pages  of  the  Lancet  on  the  former 
editions  of  this  work  are  more  than  ever  merited  by  the  present.     The  accounts  given 
of  electricity  and  galvanism  are  not  only  complete  in  a  scientific  sense,  but,  which  is  a 
rarer  thing,  are  popular  and  interesting." — Lancet. 
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Text-Book  of  Electricity. 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY:    in- 

eluding  Magnetism,  Voltaic  Electricity,  Electro- Magnetism,  Dia- 
magnetism,  Magneto-Electricity,  Thermo-Electricity,  and  Electric 
Telegraphy.  Being  a  Condensed  Resume  of  the  Theory  and  Ap- 
plication of  Electrical  Science,  including  its  latest  Practical  Deve- 
lopments, particularly  as  relating  to  Aerial  and  Submarine  Tele- 
graphy. By  HENRY  M.  NOAD,  Ph.D.,  Lecturer  on  Chemistry  at 
St.  George's  Hospital.  Post  8vo,  400  Illustrations,  I2J-.  6d.  cloth. 

"  We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  range  of  subject,  a  good 
index,  and  a  plethora  of  woodcuts." — Athenceum. 

"  A  most  elaborate  compilation  of  the  facts  of  electricity  and  magnetism,  and  of  the 
theories  which  have  been  advanced  concerning  them." — Popular  Science  Review. 

"  Clear,  compendious,  compact,  well  illustrated,  and  well  printed." — Lancet. 

"  We  can  strongly  recommend  the  work,  as  an  admirable  text-book,  to  every  student 
— beginner  or  advanced — of  electricity." — Engineering. 

"  Nothing  of  value  has  been  passed  over,  and  nothing  given  but  what  will  lead  to  a 
correct,  and  even  an  exact,  knowledge  of  the  present  state  of  electrical  science." — 
Mechanics'  Magazine. 

"  We  know  of  no  book  on  electricity  containing  so  much  information  on  experi- 
mental facts  as  this  does,  for  the  size  of  it,  and  no  book  of  any  size  that  contains  so 
complete  a  range  of  facts."—  English  Mechanic. 

Rudimentary  Magnetism. 

RUDIMENTARY  MAGNETISM  :  being  a  concise  exposition 
of  the  general  principles  of  Magnetical  Science,  and  the  purposes 
to  which  it  has  been  applied.  By  Sir  W.  SNOW  HARRIS,  F.R.S. 
New  and  enlarged  Edition,  with  considerable  additions  by  Dr. 
NOAD,  Ph.D.  With  165  Woodcuts.  I2mo,  cloth,  4?.  6d. 

"There  is  a  good  index,  and  this  volume  of  412  pages  may  be  considered  the  best 
possible  manual  on  the  subject  of  magnetism." — Mechanics'  Magazine. 

"As  concise  and  lucid  an  exposition  of  the  phenomena  of  magnetism  as  we  believe 
it  is  possible  to  write." — English  Mechanic. 

"  Not  only  will  the  scientific  student  find  this  volume  an  invaluable  book  of  refer- 
ence, but  the  general  reader  will  find  in  it  as  much  to  interest  as  to  inform  his  mind. 
Though  a  strictly  scientific  work,  its  subject  is  handled  in  a  simple  and  readable 
style.  — Illustrated  Review. 

Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in   Manufactures, 
in  Trades,  and  in  the  Arts.     By  A.  NORMANDY,  Author  of  "  Prac- 
tical  Introduction    to    Rose's   Chemistry,"   and  Editor  of  Rose's 
"Treatise   of  Chemical  Analysis."     Illustrated   with   Woodcuts. 
(A  new  Edition  of  this  ivork,  revised  by  Dr.  Noad^  is  in  preparation.) 
"We  recommend  this  book  to  the  careful  perusal  of  every  one  ;  it  may  be  truly 
affirmed  to  be  of  universal  interest,  and  we  strongly  recommend  it  to  our  readers  as  a 
guide,  alike  indispensable  to  the  housewife  as  to  the  pharmaceutical  practitioner." — 
Medical  Times. 

."The  very  best  work  on  the  subject  the  English  press  has  yet  produced." — Me- 
chanics1 Magazine. 
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Science  and  Art. 

THE  YEAR-BOOK  of  FACTS  in  SCIENCE  and  ART  ;  ex- 
hibiting  the  most  important  Improvements  and  Discoveries  of  the 
Past  Year  in  Mechanics  and  the  Useful  Arts,  Natural  Philosophy, 
Electricity,  Chemistry,  Zoology  and  Botany,  Geology  and  Mine- 
ralogy, Meteorology  and  Astronomy.  By  JOHN  TIMES,  F.S.A., 
Author  of  "Curiosities  of  Science,"  "Things  not  Generally 
Known,"  &c.  With  Steel  Portrait  and  Vignette.  Fcap.  $s.  cloth. 

*#*  This  work,  published  annually ',  records  the  proceedings  of  the 
principal  scientific  societies,  and  is  indispensable  to  all  who  wish  to 
possess  a  faithful  record  of  the  latest  novelties  in  science  and  the  arts. 

The  back  Volumes,  from  1861  to  1873,  each  containing  a  Steel 
Portrait,  and  an  extra  Volume  for  1862,  with  Photograph,  may  still 
be  had,  price  5-r.  each. 

"  Persons  who  wish  for«a  concise  annual  summary  of  important  scientific  events  will 
find  their  desire  in  the  '  Year  Book  of  Facts.'  " — Athenaum. 

"  The  standard  work  of  its  class.  Mr.  Timbs's  '  Year  Book '  is  always  full  of  sugges- 
tive and  interesting  matter,  and  is  an  excellent  resume  of  the  year's  progress  in  the 
sciences  and  the  arts." — Builder. 

"  A  correct  exponent  of  scientific  progress  ....  a  record  of  abiding  interest.  If 
anyone  wishes  to  know  what  progress  science  has  made,  or  what  has  been  done  in  any 
branch  of  art  during  the  past  year,  he  has  only  to  turn  to  Mr.  Timbs's  pages,  and 
is  sure  to  obtain  the  required  information." — Mechanics'  Magazine. 

"  There  is  not  a  more  useful  or  more  interesting  compilation  than  the  '  Year  Book  of 
Facts.'  .  .  .  The  discrimination  with  which  Mr.  Timbs  selects  his  facts,  and  the  admi- 
rable manner  in  which  he  condenses  into  a  comparatively  short  space  all  the  salient 
features  of  the  matters  which  he  places  on  record,  are  deserving  of  great  praise."— 
Railway  News. 

Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT  ;  being  a  Series  of  Essays  on— i. 
Alleged  Discrepancies  ;  2.  The  Theory  of  the  Geologists  and 
Figure  of  the  Earth  ;  3.  The  Mosaic  Cosmogony ;  4.  Miracles  in 
general — Views  of  Hume  and  Powell ;  5.  The  Miracle  of  Joshua — 
Views  of  Dr.  Colenso :  The  Supernaturally  Impossible  ;  6.  The 
Age  of  the  Fixed  Stars— their  Distances  and  Masses.  By  Professor 
J.  R.  YOUNG,  Author  of  "  A  Course  of  Elementary  Mathematics," 
&c.  &c.  Fcap.  8vo,  price  5-r.  cloth  lettered. 

"  Professor  Young's  examination  of  the  early  verses  of  Genesis,  in  connection  with 
modern  scientific  hypotheses,  is  excellent." — English.  Churchman. 

"  Distinguished  by  the  true  spirit  of  scientific  inquiry,  by  great  knowledge,  by  keen 
logical  ability,  and  by  a  style  peculiarly  clear,  easy,  and  energetic." — Nonconformist. 

"  No  one  can  rise  from  its  perusal  without  being  impressed  with  a  sense  of  the  sin- 
gular weakness  of  modern  scepticism. " — Baptist  Magazine. 

"  A  valuable  contribution  to  controversial  theological  literature." — City  Press. 

Practical  Philosophy. 

A  SYNOPSIS  of  PRACTICAL  PHILOSOPHY.  By  the  Rev. 
JOHN  CARR,  M.A.,  late  Fellow  of  Trin.  Coll.,-  Cambridge.  Second 
Edition.  i8mo,  5-r.  cloth. 
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Dr.  Lardners  Museum  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
DIONYSIUS  LARDNER,  D.C.L.,  formerly  Professor  of  Natural  Phi- 
losophy and  Astronomy  in  University  College,  London.  CONTENTS  : 
The  Planets  ;  are  they  inhabited  Worlds  ? — Weather  Prognostics — 
Popular  Fallacies  in  Questions  of  Physical  Science — Latitudes  and 
Longitudes — Lunar  Influences — Meteoric  Stones  and  Shooting 
Stars  —  Railway  Accidents  —  Light — Common  Things: — Air — 
Locomotion  in  the  United  States — Cometary  Influences — Common 
Things  :  Water — The  Potter's  Art — Common  Things  :  Fire  — 
Locomotion  and  Transport,  their  Influence  and  Progress — The 
Moon — Common  Things  :  The  Earth — The  Electric  Telegraph — 
Terrestrial  Heat — The  Sun — Earthquakes  and  Volcanoes — Baro- 
meter, Safety  Lamp,  and  Whitworth's  Micrometric  Apparatus — 
Steam — The  Steam  Engine — The  Eye — The  Atmosphere — Time 
— Common  Things  :  Pumps — Common  Things  :  Spectacles,  the 
Kaleidoscope — Clocks  and  Watches — Microscopic  Drawing  and 
Engraving — Locomotive — Thermometer — New  Planets  :  Lever- 
rier  and  Adams's  Planet — Magnitude  and  Minuteness — Common 
Things  :  The  Almanack — Optical  Images — How  to  observe  ^the 
Heavens — Common  Things  :  the  Looking-glass — Stellar  Universe 
— The  Tides  —  Colour  —  Common  Things  :  Man  —  Magnifying 
Glasses — Instinct  and  Intelligence — The  Solar  Microscope — The 
Camera  Lucida — The  Magic  Lantern — The  Camera  Obscura — 
The  Microscope — The  White  Ants  :  their  Manners  and  Habits — 
The  Surface  of  the  Earth,  or  First  Notions  of  Geography— Science 
and  Poetry — The  Bee  —  Steam  Navigation  —  Electro-Motive 
Power— Thunder,  Lightning,  and  the  Aurora  Borealis — The 
Printing  Press — The  Crust  of  the  Earth — Comets — The  Stereo- 
scope— The  Pre- Adamite  Earth — Eclipses — Sound.  With  up- 
wards of  1 200  Engravings  on  Wood.  In  6  Double  Volumes, 
handsomely  bound  in  cloth,  gilt,  red  edges,  price  £i  is. 

"  The  '  Museum  of  Science  and  Art '  is  the  most  valuable  contribution  that  has 
ever  been  made  to  the  Scientific  Instruction  of  every  class  of  society." — Sir  David 
Brewster  in  the  North  British  Review. 

"Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  ot 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  would  be  welcomed  by 
people  of  so  many  ages  and  classes  as  a  valuable  present." — Examiner. 

***    Separate  books  formed  from  the  above,  suitable  for  Workmen 's 

Libraries,  Science  Classes,   <§rv. 

COMMON  THINGS  EXPLAINED.     With  233  Illustrations,  $s.  cloth. 
THE  ELECTRIC  TELEGRAPH  POPULARIZED.  100  Illustrations,  u.  (W.  cloth. 
THE  MICROSCOPE.     With  147  Illustrations,  2s.  cloth. 
POPULAR  GEOLOGY.     With  201  Illustrations,  2s.  6d.  cloth. 
POPULAR  PHYSICS.     With  85  Illustrations.     2s.  6d.  cloth. 
POPULAR  ASTRONOMY.     With  182  Illustrations,  4-y.  6d.  cloth. 
STEAM  AND  ITS  USES.     With  89  Illustrations,  2s.  cloth. 
THE  BEE  AND  WHITE  ANTS.     With  135  Illustrations,    cloth. 
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nLARDNER'S    SCIENTIFIC    HANDBOOKST 

Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  By  DIONYSIUS 
LARDNER,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and 
Astronomy  in  University  College,  London.  Third  Edition.  Re- 
vised and  Edited  by  EDWIN  DUN  KEN,  F.R.A.S.,  Superintendent 
of  the  Altazimuth  Department,  Royal  Observatory,  Greenwich. 
With  37  plates  and  upwards  of  100  Woodcuts.  In  I  vol.,  small 
8vo,  cloth,  550  pages,  price  *js.  6d.% 

"  We  can  cordially  recommend  it  to  all  those  who  desire  to  possess  a  complete 
manual  of  the  science  and  practice  of  astronomy." — Astronomical  Reporter, 

Optics. , 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  OLVER  HARDING,  B.A.  Lond.,  of  University  College,  London. 
With  298  lilaslralions.  Small  8vo,  cloth,  448  pages,  price  55. 

Electricity. 

THE  HANDBOOK  of  ELECTRICITY,  MAGNETISM,  and 

ACOUSTICS.     New  Edition.     Edited  by  GEO.  CAREY  FOSTER, 

B.A.,  F.C.S.    With  400  Illustrations.     Small  Svo,  cloth,  price  55. 

"  The  book  could  not  have  been  entrusted  to  any  one  better  calculated  to  preserve 

the  terse  and  lucid   style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his 

work  to  the  present  state  of  scientific  knowledge." — Popular  Science  Review. 

Mechanics. 

THE  HANDBOOK  OF  MECHANICS.  {Reprinting. 

Hydrostatics. 

THE  HANDBOOK  of  HYDROSTATICS  and  PNEUMA- 
TICS. New  Edition,  Revised,  and  Enlarged  by  BENJAMIN 
LOEWY,  F.R.A.  S.  With  numerous  Illustrations.  \In  the  press. 

Heat. 

THE  HANDBOOK  OF  HEAT.  New  Edition,  Re-written  and 
Enlarged.  By  BENJAMIN  LOEWY,  F.R.A.S.  \Preparing. 

Animal  Physics. 

THE  HANDBOOK  OF  ANIMAL  PHYSICS.  With  520 
Illustrations.  New  edition,  small  Svo,  cloth,  "js.  6d.  732  pages. 

\Jnstpiiblished. 

Electric  Telegraph. 

THE    ELECTRIC   TELEGRAPH.      New  Edition.      Revised 
and  Re-written  by  E.  B.   BRIGHT,  F.R.A.S.     140  Illustrations. 
Small  Svo,  3*.  6d.  cloth. 
"  One  of  the  most  readable  books  extant  on  the  Electric  Telegraph." — Eng.  Mechanic. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.     By  DR.  LARDNER 

328  Illustrations.     Fifth  Edition.      I  vol.  3>r.  6d.  cloth. 
"A  very  convenient  class-book  for  junior  students  in  private  schools.      It  is  in- 
tended  to  convey,  in  clear  and  precise  terms,  general  notions   of  all  the  principal 
divisions  of  Physical  Science." — British  Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.     By  DR.  LARDNER. 

With  190  Illustrations.     Second  Edition.     I  vol.  3-r.  6d.  cloth. 
"Clearly  written, well  arranged,  and  excellently  illustrated." — Gardener  t Chronicle. 
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Geology  and  Genesis  Harmonised. 

THE  TWIN  RECORDS  of  CREATION;  or,  Geology  and 
Genesis,  their  Perfect  Harmony  and  Wonderful  Concord.  By 
GEORGE  W.  VICTOR  LE  VAUX.  With  numerous  Illustrations. 
Fcap.  8vo,  price  5-r.  cloth. 

"  We  can  recommend  Mr.  Le  Vaux  as  an  able  and  interesting  guide  to  a  popular 
appreciation  of  geological  science." — Spectator, 

"The  author  combines  an  unbounded  admiration  of  science  with  an  unbounded 
admiration  of  the  Written  Record.  The  two  impulses  are  balanced  to  a  nicety ;  and 
the  consequence  is,  that  difficulties?  which  to  minds  less  evenly  poised,  would  be 
serious,  find  immediate  solutions  of  the  happiest  kinds." — London  Review. , 

"  Vigorously  written,  reverent  in  spirit,  stored  with  instructive  geological  facts,  and 
designed  to  show  that  there  is  no  discrepancy  or  inconsistency  between  the  Word  and 
the  works  of  the  Creator.  The  future  of  Nature,  in  connexion  with  the  glorious  destiny 
of  man,  is  vividly  conceived." — Watchman. 

"  No  real  difficulty  is  shirked,  and  no  sophistry  is  left  unexposed." — The  Rock. 

Geology^  PJiysiccd. 

PHYSICAL  GEOLOGY.  (Partly  based  on  Major-General 
Portlock's  Rudiments  of  Geology.)  By  RALPH  TATE,  A.L.S., 
F.G.S.  Numerous  Woodcuts.  I2mo,  zs.  \_Ready. 

Geology,  Historical. 

HISTORICAL  GEOLOGY.  (Partly  based  on  Major-General 
Portlock's  Rudiments  of  Geology.)  By  RALPH  TATE,  A.L.S., 
F.G.S.  Numerous  Woodcuts.  I2mo,  2s.  6d.  [Ready. 

%*  Or  PHYSICAL  and  HISTORICAL   GEOLOGY,  bound  in  One 
Volume,  price  $s. 

Wood-  Carving. 

INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  By  A  LADY.  In  emblematic  wrapper,  hand- 
somely printed,  with  Ten  large  Plates,  price  2s.  6d. 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt 
from  '  A  Lady's  '  publication." — Atheneeum. 

"  A  rca\  practical  guide.     It  is  very  complete."—  Literary  Churchman. 
"  The  directions  given  are  plain  and  easily  understood,  and  it  forms  a  very  good 
introduction  to  the  practical  part  of  the  carver's  art." — English  Mechanic. 

Popular  Work  on  Painting. 

PAINTING  POPULARLY  EXPLAINED;  with  Historical 
Sketches  of  the  Progress  of  the  Art.  By  THOMAS  JOHN  GULLICK, 
Painter,  and  JOHN  TIMBS,  F.S.A.  Second  Edition,  revised  and 
enlarged.  With  Frontispiece  and  Vignette.  In  small  Svo,  6s.  cloth. 
%*  77-iis  Work  has  been  adopted  as  a  Prize-book  in  the  Schools  of 
Art  at  South  Kensington. 

"  A  work  that  may  be  advantageously  consulted.  Much  may  be  learned,  even  by 
those  who  fancy  they  do  not  require  to  be  taught,  from  the  careful  perusal  of  this 
unpretending  but  comprehensive  treatise." — Art  Journal. 

"  A  valuable  book,  which  supplies  a  want.  It  contains  a  large  amount  of  original 
matter,  agreeably  conveyed,  and  will  be  found  of  value,  as  well  by  the  young  artist 
seeking  information  as  by  the  general  reader.  We  give  a  cordial  welcome  to  the  book, 
and  augur  for  it  an  increasing  reputation. " — Builder. 

"  This  volume  is  one  that  we  can  heartily  recommend  to  all  who  are  desirous  of 
understanding  what  they  admire  in  a  good  painting." — Daily  News. 
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Delamottds  Works  on  Illumination  &  Alphabets. 

A  PRIMER  OF   THE  ART  OF  ILLUMINATION  ;  for  the 

use  of  Beginners  :  v.  i:li  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Examples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  DELA- 
MOTTE.  Small  4to,  price  t)s.  Elegantly  bound,  cloth  antique. 

"A  handy  book,  beautifully  illustrated  ;  the  text  of  which  is  well  written,  and  cal- 
culated to  be  useful.  .  .  .  The  examples  of  ancient  MSS.  recommended  to  the  student, 
which,  with  much  good  sense,  the  author  chooses  from  collections  accessible  to  all,  are 
selected  with  judgment  and  knowledge,  as  well  as  taste." — Atketuntm. 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIEVAL  ; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  large  and  small,  German,  Italian,  Arabesque,  Initials 
for  Illumination,  Monograms,  Crosses,  &c.  &c.,  for  the  use  of 
Architectural  and  Engineering  Draughtsmen,  Missal  Painters, 
Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&c.  &c.  &c.  Collected  and  engraved  by  F.  DELAMOTTE,  and 
printed  in  Colours.  Royal  8vo,  oblong,  price  4-r.  cloth. 

"  A  well-known  engraver  and  draughtsman  has  enrolled  in  this  useful  book  the 
result  of  many  years'  study  and  research.  FGT  those  who  insert  enamelled  sentences 
round  gilded  chalices,  who  blazon  shop  legends  over  shop-doors,  who  letter  church 
walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be  useful." — Athentzum. 

EXAMPLES  OF  MODERN  ALPHABETS,  PLAIN  and  ORNA- 
MENTAL ;  including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque  ;  with  several  Original 
Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alpha- 
bets, large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  £c.  Collected  and  engraved  by  F.  DELAMOTTE,  and 
printed  in  Colours.  Royal  Svo,  oblong,  price  qs.  cloth. 

"  To  artists  of  all  classes,  but  more  especially  to  architects  and  engravers,  this  very 
handsome  book  will  be  invaluable.  There  is  comprised  in  it  every  possible  shape  into 
which  the  letters  of  the  alphabet  and  numerals  can  be  formed,  and  the  talent  which 
has  been  expended  in  the  conception  of  the  various  plain  and  ornamental  letters  is 
wonderful. " — Standard, 

MEDIEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS. By  F.  DELAMOTTE,  Illuminator,  Designer,  and 
Engraver  on  Wood.  Containing  21  Plates,  and  Illuminated  Title, 
printed  in  Gold  and  Colours.  With  an  Introduction  by  J.  WILLIS 
BROOKS.  Small  4to,  6s.  cloth  gilt. 

"A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and 
all  the  colours  of  the  prism  interwoven  and  intertwined  and  intermingled,  sometimes 
with  a  sort  of  rainbow  arabesque.  A  poem  emblazoned  in  these  characters  would  be 
only  comparable  to  one  of  those  delicious  love  letters  symbolized  in  a  bunch  of  flowers 
well  selected  and  cleverly  arranged." — Siett. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN  ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modern  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  DELAMOTTE,  and 
printed  in  Colours.  Oblong  royal  Svo,  2s.  6d.  in  ornamental  boards. 
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Youatt  and  Burris  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry. 
By  WILLIAM  YOUATT,  ESQ.,  V.S.  nth  Edition,  enlarged  by 
ROBERT  SCOTT  BURN,  Author  of  "The  Lessons  of  My  Farm,"  &c. 
One  large  8vo  volume,  784  pp.  with  215  Illustrations.  I/.  \s.  half-bd. 

CONTENTS. 

•es  of  Cattle.—  Diseases 
;. — Diseases  of  Calves. — 


On  the  Breeding,  Rearing,  Fattening, 
and  Genera.1  Management  of  Neat  Cattle. 
— Introductory  View  of  the  different  Breeds 
of  Neat  Cattle  in  Great  Britain. — Com- 
parative View  of  the  different  Breeds  of 
Neat  Cattle. — General  Observations  on 
Buying  and  Stocking  a  Farm  with  Cattle. 
—The  Bull.— The  Cow.— Treatment  and 
Rearing  of  Calves. — Feeding  of  Calves  for 
Veal. — Steers  and  Draught  Oxen. — Graz- 
ing Cattle.  —  Summer  Soiling  Cattle. — 
Winter  Box  and  Stall-feeding  Cattle.— 
Artificial  Food  for  Cattle. — Preparation 
of  Food.— Sale  of  Cattle. 

On  the  Economy  and  Management  of 
tJie  Dairy. — Milch  Kine.— Pasture  and 
other  Food  best  calculated  for  Cows,  as 
it  regards  their  Milk. — Situation  and 
Buildings  proper  for  a  Dairy,  and  the 
er  Dairy  Utensils. — Management  of 


prop 
Milk 


and  Cream,  and  the  Making  and 
Preservation  of  Butter. — Making  and  Pre- 
servation of  Cheese. — Produce  of  a  Dairy. 

On  the  Breeding,  Rearing,  and  Ma- 
nagement of  Farm-horses.  — Introductory 
and  Comparative  View  of  the  different 
Breeds  of  Farm-horses.  —Breeding  Horses, 
Cart  Stallions  and  Mares. — Rearing  and 
Training  of  Colts. — Age,  Qualifications, 
and  Sale  of  Horses. — Maintenance  and 
Labour  of  Farm-horses.  —  Comparative 
Merits  of  Draught  Oxen  and  Horses.— 
Asses  and  Mules. 

On  the  Breeding,  Rearing,  and  Fat- 
tening of  Sheep. — Introductory  and  Com- 
Srative  View  of  the  different  Breeds.— 
erino,  or  Spanish  Sheep. — Breeding  and 
Management  of  Sheep. — Treatment  and 
Rearing  of  House-lambs,  Feeding  of  Sheep, 
Folding  Sheep,  Shearing  of  Sheep,  &c. 

On  the  Breeding,  Rearing,  and  Fat- 
tening of  S-wine. — Introductory  and  Com- 
parative View  of  the  different  Breeds  of 
Swine. — Breeding  and  Rearing  of  Pigs. — 
Feeding  and  Fattening  of  Swine. — Curing 
Pork  and  Bacon. 


On  the  Diseases 
Incident  to  Cattle. 
Diseases  of  Horses. — Diseases  of  Sheep. — 
Diseases  of  Lambs. — Diseases  Incident  to 
Swine.  —  Breeding  and  Rearing  of  Do- 
mestic Fowls,  Pigeons,  &c. — Palmipedes, 
or  Web-footed  kinds. — Diseases  of  Fowls. 

On  Farm  Offices  and  Implements  of 
Husbandry. — The  Farm-house,  the  Farm- 
yard, and  its  Offices.  —  Construction  of 
Ponds. — Farm  Cottages. — Farm  Imple- 
ments.— Steam  Cultivation. — Sowing  Ma- 
chines, and  Manure  Distributors. — Steam 
Engines,  Thrashing  Machines,  Corn- 
dressing  Machines,  Mills,  Bruising  Ma- 
chines. 

On  the  Cidture  and  Management  of 
Grass  Land. — Size  and  Shape  of  Fields. 
— Fences.  —  Pasture  Land.  —  Meadow 
Land. — Culture  of  Grass  Land.  —  Hay- 
making. —  Stacking  Hay.— Impediments 
to  the  Scythe  and  the  Eradication  of 
Weeds.— Paring  and  Burning. — Draining. 
Irrigation. — Warping. 

On  tJie  Cultivation  and  Application 
of  Grasses,  Pulse,  and  Roots. — Natural 
Grasses  usually  cultivated.  —  Artificial 
Grasses  or  Green  Crops.  —  Grain  and 
Pulse  commonly  cultivated  for  their 
Seeds,  for  their  Straw,  or  for  Green 
Forage. — Vegetables  best  calculated  for 
Animal  Food. — Qualities  and  Compara- 
tive Value  of  some  Grasses  and  Roots  as 
Food  for  Cattle. 

On  Manures  in  General,  and  their 
Application  to  Grass  Land. — Vegetable 
Manures. — Animal  Manures. — Fossil  and 
Mineral  Manures.— Liquid  or  Fluid  Ma- 
nures.—  Composts. — Preservation  of  Ma- 
nures.— Application  of  Manures. — Flemish 
System  of  Manuring. — Farm  Accounts, 
and  Tables  for  Calculating  Labour  by  the 
Acre,  Rood,  &c.,  and  by  the  Day,  Week, 
Month,  &c. — Monthly  Calendar  of  Work 
to  be  done  throughout  the  Year. — Obser- 
vations on  the  Weather. — INDEX. 


"  The  standard  and  text-book,  with  the  farmer  and  grazier." — Farmer's  Magazine. 

"A  valuable  repertory  of  intelligence  for  all  who  make  agriculture  a  pursuit,  and 
especially  for  those  who  aim  at  keeping  pace  with  the  improvements  of  the  age."— 
Bell's  Messenger. 

"A  treatise  which  will  remain  a  standard  work  on  the  subject  as  long  as  Eritish 
agriculture  endures." — Mark  Lane  Express. 
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Scott  Burns  System  of  Modern  Farming. 

OUTLINE  OF  MODERN  FARMING.  By  R.  SCOTT  BURN. 
Soils,  Manures,  and  Crops — Farming  and  Farming  Economy, 
Historical  and  Practical — Cattle,  Sheep,  and  Horses — Management 
of  the  Dairy,  Pigs,  and  Poultry,  with  Notes  on  the  Diseases  of 
Stock — Utilisation  of  Town-Sewage,  Irrigation,  and  Reclamation 
of  Waste  Land.  New  Edition.  In  I  vol.  1250  pp.,  half-bound, 
profusely  Illustrated,  price  I2s. 

"  There  is  sufficient  stated  within  the  limits  of  this  treatise  to  prevent  a  farmer 
from  going  far  wrong  in  any  of  his  operations.  .  .  .  The  author  has  had  great 
personal  experience,  and  his  opinions  are  entitled  to  every  respect." — Observer. 

Scott  Burns  Introduction  to  Farming. 

THE  LESSONS  of  MY  FARM  :  a  Book  for  Amateur  Agricul- 
turists, being  an  Introduction  to  Farm  Practice,  in  the  Culture  of 
Crops,  the  Feeding  of  Cattle,  Management  of  the  Dairy,  Poultry, 
and  Pigs,  and  in  the  Keeping  of  Farm-work  Records.  By  ROBERT 
SCOTT  BURN,  Editor  of  "The  Year-Book  of  Agricultural  Facts," 
&c.  With  numerous  Illustrations.  Fcp.  6s.  cloth. 
"A  most  complete  introduction  to  the  whole  round  of  farming  practice." — John 

Bull. 

"There  are  many  hints  in  it  which  even  old  farmers  need  not  be  ashamed  to 

accept." — Morning  Herald. 

Tables  for  Land  Valuers. 

THE  LAND  VALUER'S  BEST  ASSISTANT:  being  Tables, 
on   a   very   much   improved  Plan,   for  Calculating   the   Value   of 
Estates.     To  which  are  added,  Tables  for  reducing  Scotch,  Irish, 
and  Provincial  Customary  Acres  to  Statute  Measure ;  also,  Tables 
of  Square  Measure,  and   of  the  various  Dimensions  of  an  Acre  in 
Perches  and  Yards,  by  which  the  Contents  of  any  Plot  of  Ground 
may  be  ascertained  without  the  expense  of  a  regular  Survey  ;  &c. 
By  R.  HUDSON,  C.  E.     New  Edition,  price  qs.  strongly  bound. 
"  This  new  edition  includes  tables  for  ascertaining  the  value  of  leases  for  any  term 
of  years ;  and  for  showing  how  to  lay  out  plots  of  ground  of  certain  acres  in  forms, 
square,  round,  &c.,  with  valuable  rules  for  ascertaining  the  probable  worth  of  standing 
timber  to  any  amount ;  and  is  of  incalculable  value  to  the  country  gentleman  and  pro- 
fessional man." — Fanner's  Journal. 

Auctioneer's  Assistant. 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 
AND  ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases,  Annuities,  and  Reversions,  and  of  property  generally; 
with  Prices  for  Inventories,  £c.  By  JOHN  WHEELER,  Valuer,  &c. 
Third  Edition,  enlarged,  by  C.  N'ORRIS.  Royal  32mo,  strongly 
bound,  price  5-r.  \Recetttly  published, 

"  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  clearly- 
arranged  list  of  prices  for  inventories,  and  a  very  practical  guide  to  determine  the 
value  of  furniture,  &c." — Standard. 

The  Civil  Service  Book-keeping. 

BOOK-KEEPING  NO  MYSTERY  :  its  Principles  popularly  ex- 
plained, and  the  Theory  of  Double  Entry  analysed.  By  an  EXPE- 
RIENCED BOOK-KEEPER,  late  of  H.M.  Civil  Service.  Second 
Edition.  Fcp.  8vo.  price  2s.  cloth. 

"A  book  which  brings  the  so-called  mysteries  within  the  comprehension  of  the 
simplest  capacity." — Sunday  Times. 
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"A    Complete   Epitome  of   the  Laws   of   this 
Country" 

EVERY  MAN'S  OWN  LAWYER  ;  a  Handy-Book  of  the  Prin- 
ciples of  Law  and  Equity.  By  A  BARRISTER,  nth  Edition, 
carefully  revised,  including  a  Summary  of  the  Ballot  Act,  The 
Adulteration  of  Food  Act,  The  Masters'  and  Workmen's  Arbitra- 
tion Act,  the  Reported  Cases  of  the  Courts  of  Law  and  Equity,  &c. 
With  Notes  and  References  to  the  Authorities.  I2mo,  price  6s.  &/. 
(saved  at  every  consultation),  strongly  bound. 

[Now  ready. 

Comprising  the  Rights  and  Wrongs  of  Individuals,  Mercantile  and  Cotn- 
mertial  Law,  Criminal  Law,  Parish  Law,  Coimty  Court  Law, 
Game  and  Fishery  Laws,  Poor  Aleif  s  Lawsuits. 

THE   LAWS    OF 

BANKRUPTCY— BILLS  OF  EXCHANGE— CONTRACTS  AND  AGREEMENTS— COPYRIGHT 
— DOWER  AND  DIVORCE — ELECTIONS  AND  REGISTRATION— INSURANCE — LIBEL 
AND  SLANDER— MORTGAGES  — SETTLEMENTS— STOCK  EXCHANGE  PRACTICE — 
TRADE  MARKS  AND  PATENTS — TRESPASS,  NUISANCES,  ETC. — TRANSFER  OF 
LAND,  ETC. — WARRANTY — WILLS  AND  AGREEMENTS,  ETC. 

Also  Law  for 

Landlord  and  Tenant—Master  and   Servant— Workmen    and  Apprentices — Heirs, 
Devisees,  and  Legatees — Husband  and  Wife—  Executors  and  Trustees — Guardian 
and  Ward — Married  Women   and  Infants — Partners  and  Agents — Lender  and 
Borrower— Debtor  and  Creditor— Purchaser  and  Vendor — Companies  and  Asso- 
ciations— Friendly  Societies — Clergymen,  Churchwardens — Medical  Practitioners, 
&c. — Bankers — Farmers — Contractors — Stock    and    Share    Brokers — Sportsmen 
and   Gamekeepers — Farriers  and  Horse-Dealers — Auctioneers,   House-Agents — 
Innkeepers,  &c. — Pawnbrokers — Surveyors — Railways  and  Carriers,- &c.  &c. 
"  No  EnglisJijiian  ought  to  be  without  this  book  .  .  .  any  person  perfectly  unin- 
formed on  legal  matters,  who  may  require  sound  information  on  unknown  law  points, 
will,  by  reference  to  this  book,  acquire  the  necessary  information  ;  ;<.nd  thus  on  many 
occasions  save  the  expense  and  loss  of  time  of  a  visit  to  a  lawyer." — Engineer. 

"  It  is  a  complete  code  of  English  Law,  written  in  plain  language  which  all  can 
understand  .  .  .  should  be  in  the  hands  of  every  business  man,  and  all  who  wish  to 
abolish  lawyers'  bills." — Weekly  Ti>nes. 

"  A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care." — Laiv 
Magazine. 

"  What  it  professes  to  be — a  complete  epitome  of  the  laws  of  this  country,  thoroughly 
intelligible  to  non-professional  readers.  The  book  is  a  handy  one  to  have  in  readi- 
ness when  some  knotty  point  requires  ready  solution." — Bell's  Life. 

Pawnbrokers    Legal  Guide. 

THE  PAWNBROKERS',  FACTORS',  and  MERCHANTS: 
GUIDE  to  the  LAW  of  LOANS  and  PLEDGES.  With  the 
Statutes  and  a  Digest  of  Cases  on  Rights  and  Liabilities,  Civil  and 
Criminal,  as  to  Loans  and  Pledges  of  Goods,  Debentures,  Mercan- 
tile, and  other  Securities.  By  H.  C.  FOLKARD,  Esq.,  of  Lincoln's 
Inn,  Barrister-at-Law,  Author  of  the  "  Law  of  Slander  and  Libel," 
&c.  I2mo,  cloth  boards,  price  Js.  \jfust  published. 

The  Laws  of  Mines  and  Mining  Companies. 

A  PRACTICAL  TREATISE  on  the  LAW  RELATING  to 
MINES  and  MINING  COMPANIES.  By  WHITTON  ARUN- 
DELL,  Attorney-at-Law.  Crown  8vo.  4-?.  cloth. 


Bradbury,  Agiiew,  &  Co.,  Printers,  Whitefriars,  London. 
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